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ABSTRACT 

S amp l es from d i fferent body reg i ons were obta i ned from the 

b i rthco at , f i rst , second a nd th i rd f l eeces of sheep i n  two Drysd a l e 

f l oc ks .  F i bre type  arrays of b i rthcoat samp l es were a n a l ysed and 

var i ous wool trai ts were assessed and measured i n  samp l es obta i ned at 

three  shear i ngs.  

S amp l i ng pos i t i on was the mai n source of vari at i on i n  most trai ts 

stud i ed .  Sex , b i rth rank , and age of dam general l y  made l i tt l e  

contr i bu t i on t o  the total var i ance . Shear i ng ,  f l ock and si re effects 

were a l so i mportant sources of v ar i at i on for many tra i ts.  The 

i nteract i on of shear i ng X posi t i on and the  i nterac t i ons of si re wi th 

e ac h  of shear i ng ,  sex and b i rth rank were s i gn i f i cant for many tra i ts .  

Phenotyp i c  corre l ati ons among  f l eece trai ts were est i mated from 

sho u l der and mi d-si de pos i t i ons as we l l as among  f l eece averages 

ca l cu l ated from a l l posi t i ons .  Corre l at i ons among  f l eece averages 

showed that  h i g her kemp score ( KS )  was assoc i ated wi th h i g her bu l k ;  

BUL  ( 0 . 24 to  0 . 64 ) , resi l i e nce ; R E S  ( 0 . 03 to 0 . 48 )  and tr i st i mu l us 

col o ur  v a l ues ;  X ,  Y and Z ( 0 . 08 to  0 . 46 ) .  Softer hand l e  grade tended 

to be corre l ated wi th l ower BUL ( -0 . 22 to -0 . 66 )  and R E S  ( -0 . 1 6  to 

-0 . 53 )  and h i gher l ustre ;  LG  ( 0 . 1 0  to 0 . 62 ) . H i gher med u l l at i on i ndex 

(MI) was genera l l y  assoc i ated wi th  h i gher BUL ( -0 . 1 5  to  0 . 49 )  and 

tr i st i mu l us co l our  va l ues ( -0 . 01 to 0 . 60 )  and l ower LG ( -0 . 65 to 

0 . 08 ) . Corre l at i ons among tr i st i mu l us co l our  val ues were  the h i ghest 

between  X and Y ref l ectances ( 0 . 93 to 1 . 0 0 ) . Greasy and c l ean  woo l 

per un i t  area ( GWA and CWA ) were  h i gh l y  corre l ated ( 0 . 93 to 0 . 96 ) . 

Heav i er f i rst greasy f l eece we i ght  ( GFW1 ) correl ated· posi t i ve l y  wi th 

GWA ( 0 . 59 )  and CWA ( 0 . 56 ) . Stap l e  l ength  ( STL ) tended to  be l onger as 

GWA ( 0 . 37 to 0 . 60 ) , CWA ( 0 . 39  to 0 . 60 )  and GFW1 ( 0 . 64) i nc eased and as 

BUL  decreased ( -0 . 01 to -0 . 54 ) . BUL  and RES  were h i gh l y  corre l ated 

( 0 . 82 to 0 . 95 ) .  LG was negat i ve l y  corre l ated wi th B U L  ( -0 . 1 2  to 

-0 . 66 )  and RES ( -0 . 1 0 to -0 . 4 1 ) .  

Very few s i ck l e  f i bres were found i n  Drysda l e mater i a l s ;  most 

arrays were p l ateau . Coarser arrays were assoc i ated wi th  h i g her 

proport i ons  of h a i ry- t i p  cur l y- t i p f i bres ( HTCT ) .  GFW1 i ncreased as 

HTCTs i ncreased ( 0 . 33 to 0 . 46 ) . Genera l l y ,  the corre l at i ons among 
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b i rthcoat and th i rd f l eece tr ai ts were not strong wh i ch i mp l i es that 

b i rthcoat tra its  are not rel i ab l e  i nd i cat i on s  to s e l ect i on for vari ous  

tra i ts i n  l ater f l eeces of Drysda l e  shee p .  H i gher MI  was  assoc i ated 

wi th coarser arrays ( -0 . 07 to  -0 . 55 ) and h i gher proport i on s  of s uper­

s i ck l e  A f i bres ( 0 . 22 to 0 . 4 1 ) . F i ner arrays were  assoc i ated w i th 

h i g her y i e l d  (0 . 01 to 0 . 38 ) . I n  one  f l oc k , s heep wi th a h i g her pro­

port i on of  ha l o - h a i r ( HH ) fi bres h ad h i gher  GWA ( 0 . 25 to 0 . 33 ) , CWA 

( 0 . 1 7  t o  0 . 30 ) and heav i er th i rd f l eece we i ghts ( 0 . 09 to 0 . 33 ) wh i l e 

s heep w i th  coarser b i rthcoat arrays showed a s l i ght tendency to h ave 

more b u l ky f l eeces ( -0 . 22 to - 0 . 29 ) . 

Med u l l at i on i ndex of the th i rd f l eece ( MI 3 ) as  we l l as  greasy and 

c l e an t h i rd f l eece we i ghts ( GFW3 a nd CFW3 ) can be pred i cted , wi th 

l i mi ted accuracy ( R2 
= 0 . 50 ) from the f i rst  shear i ng  s ho u l de r  ( SH1 ) 

trai ts by u s i ng the  fo l l owi ng m u l t i p l e  regres s i on equ ati ons : 

W i th i n  f l ock - sex groups 

M I 3  = 9 . 1 5  + 0 . 45MI  ( SH1 ) + 1 . 84KS ( SH1 ) 

For rams 

GFW3 = - 1 . 47 + 0 . 04HH% ( SH1 ) + 0 . 1 4X ( SH1 ) 0 . 09Z ( SH1 ) 

CFW3 = - 1 . 53 + 0 . 03HH% ( SH1 ) + 0 . 1 4X ( SH1 ) - 0 . 09Z ( SH1 ) 

I t  appeared that  the s ho u l der i s  the best  pos i t i on from wh i ch to 

s amp l e  f l eeces whe n  a n umber of tra i ts are to be a s s es sed for rank i ng 

Drysda l e  s heep .  
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GENERAL INTRODUCTION 

Systemat i c  s e l ect i on and c u l l i ng of s heep to i mprove the q u ant i ty 

and q u a l i ty of woo l  prod uced ha s  been pract i s ed for many generat i on s .  

A caref u l  ana l ys i s  of the f l eece i s  u s ua l l y  f i rst made o n  the hogget 

f l eece when  often many an i ma l s h ave a l re ady been cu l l ed .  B i rthcoat 

f i bre typ e  array ana l yses h ave  been s u ggested as an ear l y  i nd i cati on 

of adu l t  f l eece tra i ts .  The present st udy i nvest i gated the  u s e  of 

b i rthco at f i bre type arrays as an a i d  to ear l y  se l ect i on for v ar i ou s  

f l eece tra i t s .  The var i at i on s  o f  adu l t  f l eece tra i t s  were a l so  

stud i ed i n  Drysda l e  f l eeces . 

I t  i s  i mportant to determ i n e  the opt i mum pos i t i on 

wool tra i ts  when  as sessment  of these samp l es i s  to 

s e l ect i on .  Very few stud i e s  dea l t  wi th that  s ubj ect . 

for s amp l i ng 

be  used  for 

These  s t ud i es 

def i n ed the  best  s amp l i ng pos i t i on as  the  most representat i ve to the 

who l e f l eece . The present study expanded th i s  def i n i t i on to al so  

con s i der  ut i l i ty for  breed i ng purposes i n  an  attempt to reach an  

overal l dec i s i on of wh at i s  t h e  best  s amp l i ng pos i t i on for  Drysda l e  

s heep . 

were 

P h enotyp i c  

ca l cu l ated 

correl at i on coeffi c i ents among var i ous  woo l 

from s ho u l der  and m i d - s i de s amp l es i n  the  

tra i ts 

three 

s hear i ng s .  These corre l at i on s  were der i ved to g a i n some i nformat i on 

o n  the  u se  of these  samp l es to  pred i ct the  average of the  present 

f l eece and l ater f l eeces . These corre l at i on s  are presented i n  

Append i x  2 .  
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CHAPTER 1 

VARIATION AND COVARIATION IN BIRTHCOAT AND FLEECE TRAITS 

OF DR YSDALE SHEEP WITH REFERENCE TO EARLY SELECTION 

1 . 1  I NTRODUCTION 

1 

The extens i ve work of Dr .  F . W . Dry and h i s  eo-workers ( Dry, 1 975 ) 

l ed t o  the i dentifi cat i on of the N-gene i n  New Zeal and Romney s h eep 

and eventua l l y  to the deve l o pment of a breed of s heep homozygous  for 

th i s  gen e ,  the Drysda l e .  The mer i ts of the Drysda l e  wool for c arpet 

manufac t u re were i nvest i g ated i n  extens i ve proces s i ng tr i a l s ( N as h ,  

1 964 ; Ros s ,  1 970 ; Ross et a l . ,  1 975 ; Nandurkar and Lappag e , 1 977) . 

These t r i al s confi rmed the u t i l i ty of Drysda l e wool  i n  c arpet wool 

b l end s .  S i mi l ar genet i c  p rocedures were a l so  u sed to deve l op  other 

s pec i a l i ty c ar pet-wool breed s such as Tuk i da l e  and Car petmaster 

( Wi  ck h am ,  1 978 ) . 

B i rthcoat fi bre type  arrays ( Dry, 1 935 ) may be u s efu l for 

p red i ct i ng the c h aracteri s t i cs  of s u bseq uent f l eeces . Scant  data are 

ava i l ab l e  on the re l at ionsh i p  between b i rthcoat fi bre type arrays and 

adu l t  f l eece meas urements . Wh i l e there are i nd i cat i on s  th at fi ner 

b i rthcoat  arrays tend to be fol l owed by l es s  kemp i n  the adu l t  fl eec e ,  

s uffi c i ent  i nformat i on o n  t h e  re l at i on between  b i rth coat and adu l t  

f l eece trai ts  i s  l ack i ng .  

The eva l u at i on of Drysda l e  wool tra i ts h as not been stud i ed 

thorough l y. Th i s  exp l or atory s t udy was i n i t i ated to i nvest i g ate the 

u s e  of b i rthcoat fi bre type arrays as an a i d  to  ear l y  sel ect i on for 

s ome adu l t  f l eece trai ts  i n  Drysda l e sheep and to ga in  some k nowl edge 

of s o u rces of v ari at ions  i n  the  character i st i cs of Drysda l e f l eeces . 
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1 . 2 R EV I EW OF L I TERATURE 

1 . 2 . 1  Carpet Woo l Trai ts : The i r  I mportance P art i c u l arly i n  Re l at i on 

to Manufacture and Se l ecti on Object i ves 

1 . 2 . 1 . 1  The commerc i a l i mport ance of c arpet woo l  tra i ts 

The effects of varyi ng  l eve l s of var i ou s  woo l  tra i ts on the 

proces s i ng performance of carpet woo l  have not been we l l  defi ned ( Ross  

e t  a l . , 1 982 ) . Defi n i t i on of des i rab l e carpet woo l  tr a i ts i s  d i f­

fi cult , part l y  because  c arpets are  made from v a r i ous  b l e nd components  

the  proport i on s  and pr i ces  of wh i ch d i ffer con s i derab l y  from reg i on to 

reg i on throughout the wor l d  ( Turner and Dun l o p ,  1 9 7 4 ;  Ross  e t  a l . ,  

1 982 ) .  There h ave been very few tr i a l s study i n g  the  effect of d i f­

ferent  fi bre character i s t i c s  on c arpet proces s i ng and performance . 

Much  of t�e exper i menta l  proces s i ng data come s from tr i a l s where 

s e l ected u n b l ended l i nes  have  been proces sed ( N ash , 1 964 ; Nandurker 

a nd Lappage , 1 97 7 ) .  The  i nterpretat i on of these tri a l s •  res u l ts i s  

comp l ex accord i ng to W i c k ham ( 1 97 7 )  s i nce  commerc i a l carpets  are made 

from b l ends  and the tr i a l s have u s u a l l y  been carr i ed out to  i nvest i ­

gate certa i n  spec i f i c tra i t s  of u n b l ended l i nes . Wi ckham ( 1 97 7 )  

d i scus sed the  d i ffi cu l ty o f  dec i d i ng whether a ch aracter i s t i c  wh i c h i s  

i mportant for one type o f  c arpet or a certa i n proc ess i ng sys tem i s  

equa l l y  i mportant i n  d i fferent  c i rcumst ances . H u nter ( 1 980 ) s uggested 

a n  approach i n  wh i c h the  p roces s i n g  shou l d  be based on a l arge number 

of  r epresentat i ve samp l es of a pop u l ati on w i th the effects of the  

var i o u s  tra i ts  be i ng separated stat i s t i ca l ly .  

A .  L ength 

Stap l e l ength p l ays an  i mportant  ro l e  i n  determ i n i ng the p r i c e  of 

woo l  l i ke l y  to  be used i n  carpets ( McPherson , 1 982 ; E l l i ott ,  1 984 ) . 

Ross  ( 1 978b ) st ated that  stap l e and fi bre l ength  are of more concern 

to  the carpet i ndustry than mean f i bre d i ameter . Howeve r ,  !nee and 

Ryder ( 1 984 ) st ated that  a l though  f i bre l ength i s  i mport ant for yarn 

p reparat i o n ,  i t  h ad no effect on e i ther yarn propert i es or carpet 

p erformanc e .  F i bre l ength  after card i ng i s  an  i mportant cr i ter i on to 

manufact urers .  An est i mate of  the  expected f i bre l e ngth after card i ng 

c a n  be obt a i ned from stap l e  l ength , stap l e  strength and break l ev e l  
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( Ros s ,  1 982 ) . Stap l e  l ength i s  a conve n i ent and trad i t i ona l  way of 

meas u r i ng  l ength i n  r aw wool but i t  can not be u sed after card i ng 

s i nce th i s  process  break s u p  the stap l es . 

An i ncrease i n  f i bre l ength genera l l y  reduces  yarn h a i r i ness  

( On i on s  et a l . ,  1 96 7 ;  Sr i v astava et al . ,  1 976 ) , prod uces a stronger 

and l e s s  extens i b l e  yarn ( I nce ,  1 978 ) and i mproves  abras i on res i stance 

( Bare l l a  and V i go ,  1 9 7 9 ,  c i ted by Hunter , 1 980 ) . Shorter f i bres 

produce  th i cker ( b u l k i er ) and more compres s i b l e  yarns  ( On i ons  et al . ,  

1 967 ) . Ros s ( 1 978a ) s t ated th at the  New Ze a l and carpet man ufacturers 

genera l l y  req u i re stap l e l engths  of 50- 1 25 mm for wool l en proces s i ng  

and of  7 5 - 1 7 5  mm for  s emi -worsted yarns . Short f i bres u nder 50 mm 

cause s h ed d i ng prob l ems , e spec i a l l y  i n  cut- p i l e  c arpets . V ery l ong  

f i bres cause  process i ng probl ems on the woo l l en cards and  decrease  

yarn b u l k .  S i mi l ar conc l u s i ons  h ave been reac hed by the Austra l i an 

carpet i nd u stry ( Bel l ,  1 981 ) . 

B .  Med u l l at i on and f i bre d i ameter 

The wool s wh i ch h av e  trad i t i on a l l y  been preferred for carpet 

manufacture conta i n many med u l l ated f i bres . These are general l y  

coarser and st i ffer th an  n on-med u l l ated f i bres ( Burns et al . ,  1 940 ; 

Turner and Dun l op ,  1 9 74 ; Wi c k ham ,  1 97 7 ) . A l though the  carpet 

manufacturers req u i re con s i derab l e  med u l l at i on ,  the  spec i f i cat i on for 

opt i ma l  f i bre d i ameter and percentage medu l l at i on do not exi st  ( Turner 

a nd D u n l o p ,  1 97 4 ;  Ros s ,  1 978a ; Be l l ,  1 981 ; Ross  et al . , 1 982 ) and the  

exact  ro l e of med u l l at i on i s  not  c l ear ( Ros s e t  al . ,  1 982 ) . 

F i bre d i ameter a l one  has very l i tt l e effect on e i ther the 

l aboratory or the f l oor performance of carpets ( Ross , 1 978a ; I nc e ,  

1 9 78 ) . T h e  pos i t i on of  f i bres i n  t h e  yarn depend s o n  the i r  d i ameter 

a nd l ength ; coarser and s horter f i bres tended to be further away from 

the  yarn ax i s ( C arnaby and Gros berg , 1 97 6 ; Carnaby , 1 97 9 ) , thu s  

affect i ng hand l e  and appearanc e .  An i ncrease i n  f i bre d i ameter 

i ncreased yarn h a i r i ness  ( Ross , 1 978a ;  Carn aby ,  1 97 8 ) . 

N ew Zea l and man ufact urers prefer h i gher mean f i bre d i ameter , 36� 

or  h i gher  ( Ros s ,  1 978a ) because  they be l i eve that coarser f i bre 

d i ameter was as soc i ated wi th sounder wool , h i g her yarn yi e l d s ,  more 

med u l l at i on ,  cr i sper h a nd l e ,  h i gher abras i on res i s tance and l ower p i l e  
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f l atte n i ng or better res i l i ence  ( Ross , 1 978a ; C arn aby et a l . , 1 984 ) .  

C arpets made from coarse and med u l l ated woo l were con s i dered to ret a i n  

the i r appearance better than  carpets made from f i ne  wool ( Ross ,  

1 978a ) . 

I n  I nd i an carpet wool s ,  Su l e  ( c i ted by Turner , 1 9 7 6 )  suggested 

that a carpet woo l s hou l d h av e  at l east  20% of the f i bres wi th 

i nterrupted medu l l a but  not more than 1 0% of the  f i bre i n  wh i ch the  

medu l l a made up  more th an  60% of  the  d i amete r .  Wh i l e at  l east 40% of  

the f i bres shou l d be non-medu l l ated , kemp f i bre sho u l d be  no more than  

2% .  

A proport i on of medu l l ated wool i s  often des i rab l e  i n  the  carpet 

b l end , the act u a l  proport i on depend i ng on the  proces s i ng sys tem and 

the end product ( Ros s ,  1 97 8a ) . Anderson and C l eg g  ( 1 96 3 )  reported 

that i ncreased carpet wear rates were assoc i ated wi th a h i g her 

proport i on of heav i l y- med u l l ated f i bres . 

Medu l l ated woo l s w i l l  prod uce more h a i ry and bu l ky yarns  ( E l l i ott 

and C arnaby , 1 980 ) and u s u a l l y  wi th better cover  for l es s  we i ght 

( !nee , 1 978 ) . Medu l l at i on a l s o  g i ves a n atura l  l ook and i s  thought to 

i mprov e the appear ance retent i on of carpets ( Ros s ,  1 978a ) . For semi ­

worsted proces s i ng and for l oop- p i l e  carpets a sma l l er proport i on of 

medu l l ated woo l  i s  i nc l uded i n  the b l end . Ross ( 1 978a )  l i sted some 

d i s ad va ntages of medu l l ated f i bres . They are general l y  poorer s p i n ­

n i ng and resu l t  i n  l ower yarn y i e l d s .  They h ave an  effect on dye i ng  

and  co l ourat i on ;  h i g h l y- med u l l ated woo l  appears to  dye to a pa l er 

co l o ur  than non -med u l l ated woo l owi ng to l i g ht ref l ect i on from the  

cortex-medu l l a i nterface ( Nandurk ar and L appage , 1 97 7 ; !nee , 1 979 ) .  

I t  was a l so stated by Ross  ( 1 978a ) t h at wi de var i ab i l i ty i s  

assoc i ated , i n  s ome woo l , wi th a cr i mpy s hort f i n e  u ndercoat and 

coarse medu l l ated ou terco at f i bres . These types are des i rab l e  i n  

carpet b l end s ;  the  fi ner f i bres he l p s p i n n i ng and yarn bu l k , the  

coarser fi bres g i ve the de s i red h and l e  and  appearanc e .  H i g h 

var i ab i l i ty ,  however , i s  not u s u a l ly  des i red for semi -wors ted yarn s  or 

for l oop-p i l e c ar pets (Ros s ,  1 978a ) . 

Medu l l at i on c an be de tected by eye or hand . A method of  

meas u r i ng med u l l at i on was deve l oped by E l ph i ck ( 1 932 ) and McMahon 
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( 1 937 ) .  E l ph i ck observed that the  refr act i ve i nd i ces of benzoi and 

the  kerat i n  of th e cortex of wool f i bres a re very s i mi l ar .  Con­

s eq ue n t l y ,  whe n  non -medu l l ated f i bres are i mmersed in  benzene th ey 

become i nv i s i b l e ,  whereas med u l l ated f i bres  wh i ch conta i n  an  a i r­

f i l l ed med u l l a appear wh i te under s i mi l ar treatment . McMahon  was ab l e  

t o  measure the l i g ht ref l ected from the  med u l l a  by means of a p hoto­

e l ect r i c  cel l i n  an i n strument known as  a medu l l ameter wh i ch he  

dev e l o ped . The l i g ht  ref l ected was  a l i near funct i on of the  vo l ume of  

medu l l a i n  the f i bre . Ross ( 1 950 ) found a corre l at i on of 0 . 94 b etween 

the medu l l a  area per un i t  we i ght and the  photoe l ectr i c  i ndex . Ross 

and Speakman ( 1 95 7 ) suggested th at the  amount  of l i ght sc attered by 

medu l l a i n  th e McMahon i nstrument  sho u l d be proport i on a l  to the  s ur­

face area of the  med u l l a  r ath er than  i ts vo l ume .  Lappage and  B ed ford 

( 1 983 ) deve l o ped a n ew vers i on of the  medu l l ameter g i v i ng med u l l at i on 

i ndex ca l i brated ag a i nst the percent age are a of medu l l a measur ed by 

proj ect i on mi crosco pe .  Ros s ( 1 978a ) s ug gested that expres s i ng the  

l ev e l  of  medu l l at i on i n  terms of the  percentage  of med u l l ated f i bres 

can be m i s l ead i ng ,  s i nce the  percent ag e  of med u l l ated f i bres as we l l 

a s  the  medu l l a  to  cortex rat i o  d i ffered enormous l y .  

C .  K emps 

These are s hed fi bres , s hort and heav i l y- med u l l ated . Wh i l e  l ong 

and cont i nuou s l y-med u l l ated f i bres are des i rab l e  i n  carpet wool , too 

many very coarse f i bres wi th l i tt l e cortex i n  the  cros s- sect i on can  

h av e  adverse effects  es pec i a l l y  when  f i bre strength and e l ast i c i ty are 

req u i red ( R os s ,  1 978a ;  Ross  et al . ,  1 982 ) .  K emps tended to break 

d ur i ng proc es s i ng resu l t i ng i n  i ncreased wastage  dur i ng card i ng and 

s p i n n i ng , and because of the i r  dye i ng propert i es they may g i ve an 

u nde s i rab l e  appear ance i n  the f i n i s h ed carpet ( Ross , 1 978a ) . K emps 

a l s o  tended to  l i e on the  outs i de of the  yarn and res u l ted i n  h arsh 

h and l e  ( Carnaby, 1 97 9 ) . 

D. B u l k  or res i stance to compress i on ( RTC ) 

V an Wyke ( 1 946 ) l a i d  the  found at i on for u nderst and i ng the  

behav i our  of  wool  s ubj ect to compres s i on .  H e  s uggested th at RTC i s  

ma i n l y  a funct i on of the  product of stap l e  cr i mp freq uency and f i bre 

d i ameter . C haud r i  and Wh i te l ey ( 1 96 8 )  s u bseq uentl y found t h at th e 
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p rod uct of f i bre d i ameter and cr i mp freq uency c a n  exp l a i n 89% of the  

v a r i at i on i n  RTC . They a l so  i nd i cated that f i bre cri mp i s  the most  

i mportant s i ng l e  tra i t  i nf l uenc i ng RTC and  h i g her RTC i s  assoc i ated 

w i th hel i ca l  type cr i mp compared wi th p l anar types . !nee ( 1 9 79 ) , 

C ar naby and E l l i ott  ( 1 980 ) and !nee and Ryder ( 1 984 ) showed s i mi l ar 

f i nd i ng s  for l oose  woo l  b u l k  wh i ch i s  c l o se l y re l ated to RTC ( D un l op 

e t  a l . ,  1 974 ) . 

D i fference s  i n  yarn b u l k are l arge l y  due to  d i fferences  i n  l oose  

wool b u l k ( !nee , 1 97 6 ,  1 97 9 ; Car naby and  E l l i ott , 1 980 ; E l l i ott  and 

C ar naby, 1 980 ) . Ross ( 1 978a ) st ated that  a w i de range of l oose wool 

b u l k ( 1 9-33 cm3/g ) was found to cover a very n arrow range i n  c arpet 

performance .  !nee and Ryder ( 1 984 ) showed th at fi bre c r i mp gave 

b etter s p i n n ab i l i ty and  i mproved cov e r i ng  power i n  the c ar pet woo l . 

B u l ky wool  wou l d produ c e  bu l ky yarn s  and c arpets wi th  preferred 

a ppearance and wi th h i g her cover i ng powe r ;  however ,  i t  wou l d  decrease 

break i ng strength and extens i on ( !nee , 1 97 9 ;  E l l i ott and C ar n aby, 

1 980 ; Carnaby et a l . ,  1 984 ) . 

E .  Co l our 

Unscourab l e  d i sco l o urat i on i s  a s i g n i fi cant  factor i n  determi n i ng 

t h e  va l ue  of the  wool ( Hoare , 1 974 ; McP herson , 1 982 ) . I t  affects  

dye i ng character i s t i c s  s i nce the prod uc t i on of b r i ght l i g ht s h ades  and 

s u per i or wh i teness  on wool req u i res  the  use  of p ure wh i te wool wh i ch 

c a n  be read i l y dyed to any other co l o ur  ( Von  Bergen , 1 96 3 ;  Hoare , 

1 9 74 ) . The presence of b l ack or p i gmented f i bres i n  wh i te tops or 

yarns  i s  a ser i o u s  and expens i ve defect creat i ng prob l ems i n  dye i n g  of 

l i g ht shades  ( S u l l i van , 1 979 ; c i ted by H unter , 1 980 ) . 

F .  Soundnes s  

Modern h i gh- s peed process i ng mac h i nery i s  p l ac i ng ad d i t i ona l  

stresses on t h e  f i bre and , th erefore , demands  s ou nd woo l  ( Ros s ,  1 978a ; 

B i g h am et a l . ,  1 983b ) . Wh i l e  a l l woo l s s u ffer some degree of f i bre 

breakage d ur i ng proce s s i ng ,  s ound  woo l s general ly  res u l t i n  l es s  

break age compared wi th tender  wool s ( Ross  e t  al . ,  1 960 ; V o n  Berge n ,  

1 96 3 ; Bratt e t  al . ,  1 964 ; Ros s ,  1 982 ) . 
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Orwi n et al . ( 1 980 ) and B i gham e t  al . ( 1 983 ) s ugges ted that the  

i ntri n s i c  f i bre strength of  tender woo l  was l ower than  that  of  sound  

woo l s .  Orwi n et al . ( 1 980 ) a l so reported that d i fferences i n  compos i ­

t i on as wel l as i n  d i ameter i nf l uence  f i bre strength . Process i ng 

performance h as been found to be poorer for a wool wi th a tender 

reg i on near the mi dd l e  of the stap l e  compared to one wi th a tender 

reg i on near the end ( Ross et al., 1 960 ; Bratt et al . ,  1 964 ) . Stap l e  

l ength and strength comb i ned sho u l d prov i de a good pred i ct i on of f i bre 

l ength i n  the  top for 11average11 proces s i ng cond i t i ons  ( Downes , 1 9 75 ) .  

B i gham et al . ( 1 983b )  reported that  the stronger yarn i s  p r i mar i l y  

re l ated t o  the  l o nger mean f i bre l e ngth i n  the yarn . I t  c a n  be 

expected that yarn strength wi l l  be proport i ona l  to fi bre strength 

( Bratt , 1 965 ; Hol daway , 1 965 ) . Such man ufact ur i ng s i gn i f i cance mi ght 

p art l y  exp l a i n why tender wool s u s u a l l y  s uffer pr i ce d i scount 

( W i gg i n s ,  1 97 6 ; Wi c kham and B i gham ,  1 97 6 ;  McP herson , 1 982 ) . 

G .  Cott i ng 

Cot t i ng i s  the  res u l t  of fi bres be i ng shed from the i r  fo l l i c l es 

and mi grat i ng through the f l eece caus i ng entan g l ement wi th other 

f i bres ( Joyce , 1 96 1 ; W i ck ham ,  1 97 3 ;  W i ckham and B i gh am , 1 976 ) . Cotted 

wool must  be teased apart ; a process  i nvo l v i ng h i gher cost and some 

deter i orat i on i n  wool va l u e d ue  to  f i bre damage ( Joyce , 1 96 1 ) .  

Cott i ng can  res u l t  i n  damage to proces s i n g  eq u i pment ( Ros s ,  1 9 78a ; 

Be l l ,  1 981 ) .  conseq uent l y  there i s  q u i te a marked pr i ce  d i scount  for 

cotted wool ( Joyce , 1 96 1 ; Wi ckham ,  1 97 3 ;  Wi ckham and B i g h am ,  1 97 6 ;  

McPherson , 1 982 ) . 

H .  L u stre 

L u s tre i s  general l y  thought to be unde s i rab l e  i n  carpet wool s as 

h i gher- l u stre woo l  tends to be assoc i ated wi th l ow bu l k  and res i l i ence 

( W i ckham ,  1 97 3 ;  NZSAP , 1 97 4 ;  W i ck h am and B i gham ,  1 976 ; Ros s ,  1 978a ; 

Be l l ,  1 98 1 ) .  However , some processors  l i ke  to buy l ustrous  woo l  s i nce 

i t  e nab l es them to produce br i g hter co l ou rs i n  the end prod ucts 

( W i c kham and B i g ham , 1 97 6 ;  Larsen , 1 97 8 ) . N andurkar and Lappage 

( 1 97 7 ) carr i ed out a process i ng tr i a l i nc l ud i ng wool s from the progeny 

of fi n e ,  coarse-p l a i n  and l u strous Romney ewes crossed wi th  Drysda l e 

r ams . The f l eeces from eac h  group were sorted i nto three commerc i a l 



types of Orysda l e  woo l : co arse ,  med i um and f i n e .  They found that the 

f i ne component of t he  f l eeces from the progeny of  th e l u s trous-woo l l ed 

ewes h ad suffi c i ent l u stre for th i s  to be app arent i n  the f i n al 

c arpet . 

1 . 2 . 1 . 2 Se l ect i on objecti ves� c arpet-woo l l ed s heep 

For s uccess  i n  a s h eep breed i ng pol i cy ,  a c l ear defi n i t i on of 

s e l ect i on obj ect i ves  i s  neces s ary. J ames ( 1 982 ) , Morr i s  et a l . ( 1 982 ) , 

a nd W i ckham and McPherson ( 1 985 ) s howed t he  d i fference between 

se l ect i on obj ect i ve s  and se l ect i on cr i ter i a . The former i s  what the 

b reeder seek s to i mprov e wh i l e  se l ect i on cr i ter i a  are the tra i ts  wh i ch 

are co n s i dered at s e l ect i on t i me .  

Very few stud i es h ave  d i scu ssed the rol e o f  d i fferent woo l  tra i ts 

i n  s heep breed i ng obj ect i ves of  spec i a l i ty c arpet wool breed s .  Tur ner 

and D un l op ( 1 974 ) , NZSAP ( 1 9 74 ) ,  Turner ( 1 976 ) ,  Morri s et al . ( 1 982 ) ,  

R ae ( 1 982 ) and Ros s et a l . ( 1 98 2 )  r a i sed some d i ffi cu l t i es i nvol ved i n  

formu l at i ng and defi n i ng se l ect i on obj ect i ve s  for spec i a l i ty car pet 

wool breed s ;  some of these were : 

1 )  the  s pec i f i cat i ons  of s pec i al i ty carpet wool trai ts  req u i red by 

the  manufact urers  are d i ffi cu l t  part l y  because  carpets are made 

from var i ous  b l e nd components the propor t i ons  and pr i ces of wh i ch 

d i f fer cons i derab l y ;  

2 )  fas h i ons and techn i cal ch anges i n  the tex t i l e  i nd u stry may a l t er 

t he  rel at i ve economi c va l ues  of tra i ts  i n  the breed i ng obj ect i ves ; 

3 )  a s  many tra i t s  contr i bute  to th e sheep • s  profi t ab i l i ty ( meat , m i l k  

and l amb prod uct i on ) , s e l ect i on for i mproved overal l s heep 

performance wi l l  l i m i t the scope to s e l ect for woo l  tra i t s .  

Wh i l e ,  i n  th eory, eac h  t ra i t  o f  economi c i mportance wh i ch i s  ab l e  

to res pond to s e l ect i on mu st  be i nc l uded i n  a breed i ng obj ect i ve 

( Gjed rem,  1 97 2 ;  Morr i s et a l . ,  1 982 ) e s t i mates of the eco nomi c and 

genet i c  p arameters of many c arpet wool tr a i t s  are not ava i l ab l e  or are 

of l im i ted usefu l n e s s . 

T h e  stud i es of s pec i a l i ty carpet wool breed i ng obj ect i ves  

conc l uded that  t he  f i rst pr i or i ty i s  h i gh ferti l i ty as  th i s  w i l l  

res u l t  i n  the greatest i nc rease  i n  prof i t a b i l i ty and predetermi ne the 
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amount  of ge net i c  progress  i n  other trai ts . F l eece we i g ht shou l d be 

the mai n woo l  se l ect i on object i ve wi th i mprovement  of bu l k ,  wh i tenes s 

and medu l l at i on be i ng next i n  i mportance .  

Greasy or c l ean f l eece we i ght was  accepted as the maj or se l ect i on 

obj ect i ve for both carpet and apparel woo l  prod uct i on ( Turner and 

D un l o p ,  1 974 ; NZSAP , 1 974 ; B i g h am ,  1 975 ; Turner , 1 976 ; Morr i s  et a l . ,  

1 982 ; R ae ,  1 982 ; Ros s et al . ,  1 982 ; Wh i te l ey and J ackson , 1 982 ) . 

W i ckham ( 1 966 , 1 9 7 3 )  exami ned woo l  trai ts  more c l o se l y  and conc l uded 

that s e l ect i on for i ncreased f l eece we i ght i s  the most effi c i ent way 

of i nf l u enc i ng th e prof i tab i l i ty of wool prod uct i on .  

Process i ng t r i al s i nd i c ated th at raw wool bu l k  i s  of i mportance 

i n  carpets ( C arnaby and E l l i ott ,  1 980 ) . However ,  E l l i ott ( 1 984 ) 

s howed , i n  Perenda l e  wool , th at pr i ce premi ums p a i d  for bu l k  a l one  

were ne i ther l arge nor con s i stent compared wi th f i neness  or stap l e  

l ength . B i gham et a l . ( 1 983 a )  i nd i cated th at s e l ect i on for l oose woo l  

bu l k  wou l d not  be to t he  breeder ' s  advantage as  i t  wou l d  reduce c l ean 

f l eece we i ght . 

Wh i te co l o u r  i s  des i rab l e  as th i s  i s  a s i gn i f i cant factor i n  

determi n i ng the va l u e  o f  the raw wool  ( Hoare , 1 9 74 ; McPherson , 1 982 ) . 

There i s  some ev i dence that se l ect i on on v i s u al est i mates of co l o u r  i n  

greasy wool  can be effect i ve ( C hopra ,  1 978 ) . B i gham et al . ( 1 983 a )  

revea l ed  th at se l ect i on for reduced Y-Z , as  ye l l owness i ndex , wou l d 

reduce  f l eece we i ght ,  co nseq uen t l y  i t  wou l d n ot be to the breeder's 

ad vantage . 

I n  s pec i a l i ty carpet wool s there i s  a n eed for a con s i derab l e  

amount  of medu l l at i on ( Tu rner , 1 976 ; Morr i s  et a l . ,  1 982 ; R ae ,  1 982 ; 

Ros s e t  al . ,  1 982 ) .  However ,  too many very coarse med u l l ated f i bres 

may reduce yarn streng th and e l ast i c i ty .  I n  Drysda l e s heep , i t  i s  

bel i ev ed that the l ev e l  of medu l l at i on ac h i eved i s  al ready adequate 

( Mor r i s et al . ,  1 982 ; R ae ,  1 982 ; Ross et a l . ,  1 982 ) . Conseq uent l y , i t  

was conc l uded th at the l eve l  of med u l l at i on shou l d  be mai nta i ned , 

kemps  shou l d be l arge l y  e l i m i n ated and the  proport i on of very heav i l y 

med u l l ated f i bres reduced . 



1 . 2 . 2  Th e Morphol ogy and I nheri tance of the  B i rthcoat 

1 . 2 . 2 . 1  B i rthcoat f i bre � arrays 

To l dt ( 1 91 0 ,  1 9 1 2 , 1 935 , c i ted by W i c k h am ,  1 96 3 )  separated the  

i nd i v i du a l  f i bre types  produced by  many mammal s  i nto d i fferent 

c l as ses ; outer th i ck h a i r ,  over h a i r and f i ne ha i rs .  Duerden and 

Seal e ( 1 92 7 )  drew attent i on to s i c k l e  f i bres , s o  named after the s h ape 

of  the i r  t i ps .  A de scr i p t i on of the l amb • s  b i rthcoat fi bres was f i rst  

p ub l i s hed by  Duerde n ( 1 929 ) .  D uerden and  Boyd ( 1 930 ) descr i bed the  

b i rthcoat f i bres of the Mer i no and Pers i an B l ac khead l amb s ,  defi n i ng 

i n  part i c u l ar the s i ck l e  fi bre . They attr i b u ted th i s  t i p sh ape to the  

mech an i ca l  effect o f  the fi bre forc i ng i ts way out  of the  s k i n when i t  

was f i rst  formed . They al so descr i bed the th i nn i ng of the f i bres at 

the b i rth po i nt ;  they attr i buted th i s  to the ch anged p hys i o l og i c a l  

status  of  t h e  l amb at b i rth . 

The  major descr i p t i ve work on the l amb • s  f l eece has  been d u e  to 

Dry ( 1 935 ) who deve l oped a morpho l og i c a l  c l a s s i f i c at i on of the  

b i rthcoat f i bre types  found i n  New Ze a l and Romney l amb s .  Th i s  

c l as s i f i cat i on was b as ed on the s h ape of t he  f i bre t i p  wi th further 

s u bd i v i s i on accord i ng to the presence or absence of a medu l l a  i n  

var i ou s  reg i on s  of the  fi bre . The features  of d i fferent b i rthcoat 

f i bre types are deta i l ed i n  Sect i on 1 . 3 . 2 .  D ry ( 1 935 ) a l so c l a s s i f i ed 

b i rthcoat s amp l es i nto  fi bre type arrays on  t he  presence or absence of  

cert a i n f i bre types . Thes e  arrays were descr i bed a l so  by Stephen son  

( 1 956 ) and presented i n  Tab l e  1 . 3 . 1 .  D ry ( 1 935 ) theor i sed that  t he  

f i bre type arrays res u l ted from v aryi ng i n ten s i t i es of  prenata l  check  

wh i ch he def i ned as  11an i nh i b i t i ng force tend i ng to f i nenes s and the  

prev e n t i on of  medu l l at i on . 11 He s uggested t h at the pers i stent growth 

of woo l  f i bres may be al so due to th i s  forc e .  Dry postu l ated th at the  

prenata l  check i s  s u ffi c i ent  to  cause  v ar i at i on s  between and  wi th i n  

t he  f i bre type arrays . Suther l and ( 1 93 9 )  s t ud i ed the v ar i at i on wi th i n  

t h e  p l ateau array ,  and s u ggested a further f actor 1 1 base, an i nherent 

dr i ve towards coar s eness and medu l l at i o n .  Thu s  the f i bre type  array 

was the res u l t of  two i ndependent b u t  i nteract i ng forces : the 

pren atal  check and b ase . These two forces acted antagon i st i c a l l y  to 

each  oth er , a strong base res u l t i ng i n  coarse  medu l l ated f i bres wh i ch 

co u l d wi ths tand a fa i r l y  i ntense pren ata l  c heck . Dry ( 1 940 )  i nd i cated 
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that ,  i n  p l ateau arrays , the p renata l  check was  not  ab l e  to  convert 

any of  the  Pre-CT f i bres i nto s i ck l es .  He  s ugges ted that the  strong 

base i s  more i mportant th an  weak prenatal  c heck i n  mak i ng the array 

p l atea u .  Howev e r ,  i n  s ad d l e  arrays , wh i l e the prenatal  chec k was  ab l e  

t o  prod uce s i ck l e  f i bres i t  was not powerf u l  enough  t o  cause  any of 

these  f i bres to  rema i n  f i ne after b i rth . 

Ros s ( 1 950 ) measured f i bre l ength and f i bre d i ameter of b i rthcoat 

s amp l es and s howed th at coarse arrays were assoc i ated wi th h i gh 

v a r i ab i l i ty of  fi bre d i ameter and a tr i moda l  f i bre l ength 

d i s tr i b ut i on .  

A h i gh l y  s i gn i f i cant corre l at i on ( 0 . 7 5 )  between the f i bre type 

array and medu l l ameter test  read i ng was reported by Goot ( 1 945 ) .  

S tephenson ( 1 95 6 )  measu red the  h a i r i ness  of the  b i rthcoat s amp l es by 

the  medu l l ameter test and st ated that the res u l ts of fi bre type arrays 

were s i m i l ar to those of t he  med u l l ameter test . He  showed th at th e 

effect of the  pren atal  c heck was smal l est  i n  p l ate au arrays and 

greatest i n  p l a i n  arrays . Stephen son ( 1 95 6 ) a l so  showed that f i ne 

s i ck l e  and checked cu r l y- t i p f i bres were more freq uent when  b i rthcoat 

h a i r i ne s s  i s  l ow .  SSA ,  SSA • and SK f i bres are of i ntermed i ate ha i r i ­

ness  and very strong medu l l ated f i bres ( HH  and HTCT ) i ncreased i n  

abu ndance wi th i ncre as i ng h a i r i ness  o f  the b i rthcoat . 

A .  Var i at i on over the body 

The var i at i on i n  the  f i bre type arrays over the body was f i rst  

s t ud i ed by  Ga l p i n ( 1 935 , 1 936 ) i n  New Zeal and Romney, Southdown and 

Rye 1 and 1 amb s . Desp i te the great 

s h e  s howed a grad i ent  i n  h a i r i ness  

found o n  the br i tch  and the  l east 

var i at i ons  found among i nd i v i du a l s ,  

i n  wh i ch the most ha i ry arrays were 

h a i ry on  the pol l .  She attr i bu ted 

t h i s  to a br i tc h- to-pol l i ncrease i n  the  prenatal  check . S i mi l ar 

f i nd i ng s  were reported i n  d i fferent 

( Stephenson , 1 95 2 , 1 95 6 )  and i n  

Swal ed a l e cros ses  ( G u i rg i s ,  1 96 7 ) . 

N-genotypes of New Zeal and Romney 

Kerry ,  Swa l ed a l e and C hev i ot X 

Stephenson ( 1 952 ) a l so found that 

i n  order of  co arsenes s ,  arrays r anked br i tc h ,  bac k , s i de ,  wi thers , 

neck and shou l de r .  The most  heav i l y checked s amp l e  found was from the 

shou l de r  patch . I n  Bark i  l amb s ,  l ateral  pos i t i ons tended to h av e  more 

1 1  



coarse arrays than  those of the dor sa l  l i ne ( E l gabb as , 1 978 ) but  the 

t rend was reversed i n  Awas s i  and Hamadan i l amb s ( G u i rg i s ,  1 979 ) .  

Ga l p i n  ( 1 935 ) and Stephenson ( 1 952 ) s howed that the proport i on of 

P re-CT f i bres i n  arrays d i ffered marked l y  among pos i t i on s .  G a l p i n  

added that h i gher  l eve l s of Pre-CT were fou nd on the areas where the  

fol l i c l es estab l i shed ear l i es t .  That was  i nterpreted i n  terms of  t he  

o n s et of  t he  prenatal  c heck wh i ch m i g ht h av e  occu rred after the f i bre 

h ad commenced growth i n  these reg i on s  of e ar l y- deve l op i ng fol l i c l es .  

E l gabbas ( 1 97 8 )  found h i gh l y  s i gn i f i cant  pos i t i on effects for  a l l 

b i rthcoat f i bre types , the pos i t i on var i ance component contr i b ut i ng a 

r ange of 6 - 7 5% to the total  var i ance i n  a l l f i bre types .  

G a l  p i n  ( 1 935 ) ,  W i ck ham ( 1 958 ) and S i de ( 1 964 ) s uggested t h a t  t h e  

p renatal  c heck , a s  man i fested i n  SK f i bre  morphol ogy, does not  occur 

s i mu l t aneous l y  i n  al l areas and that  the  prenatal  check must affect 

i nd i v i du a l  fo l l i c l es at d i fferent t i mes on d i fferent pos i t i ons . 

W i ckham ( 1 963 ) and R ud a l l and W i ckham ( 1 96 5 )  prod uced ev i dence th at 

the pren atal  check was not system i c  i n  o r i g i n .  

B. T heor i es exp l ai n i ng b i rthcoat f i bre forms 

Var i ou s  theor i es ta exp l a i n  the devel opment of b i rthcoat f i bre 

types and arrays h ave  been postu l ated ; however ,  these theor i es have  

not been adeq u ate l y  tested . 

D uerden and Boyd ( 1 930 ) attr i buted the f i bre th i nn i ng at  the 

b i rth po i nt to  the c h anged phys i o l og i ca l  status of the l amb at b i rth . 

D ry ( 1 93 5 ) expanded th i s  i de a  i nto  the  prenatal  check th eory . The 

i ntroduct i on of the • base • co ncept by S u ther l and ( 1 93 9 )  a l s o  contr i ­

b uted t o  Dry•s theory . Dry ( 1 935 ) f i rst  s ug gested th at the  p renatal  

c heck was due to i ncreas i ng fol l i c l e  den s i ty i n  the s k i n .  He  further 

proposed th at the prenatal  c heck c a used s ub-ap i cal th i nn i ng of  h a l o ­

h a i r  and s i ck l e  f i bre s ,  f i neness  o f  th e prenatal  reg i on of  c u r l y- t i p 

f i bres and of the  postnatal  port i on s  of f i n e  s i ck l e  and chec ked  cur l y­

t i p  f i bres  and shed d i ng of b aby and i nfant f i bres . He a l s o  s ug gested 

that t he  prenata l  c heck i nh i b i ts f i bre s hed d i ng and a l l ows pers i s tent 

growth of f i bres at a l ower l eve l  o f  act i v i ty .  
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S i nce the  f i bre was tho ught  to  h av e  a constant  cr imp defl ect i on 

per  u n i t  of  t i me and i f  the f i bre i s  b e i ng produced at a cons tant  

r ate , a reg u l ar c r i mp wave wou l d  resu l t .  I f  the growth rate  became 

s l ower the f i bre wou l d s how a decreas i ng rad i u s of curvature accord i ng 

to  Duerde n ( 1 92 7 ) .  Dry ( 1 935 ) attr i bu t ed the formati on of the  s i ck l e­

end to the pren atal  check . Ga l p i n  ( 1 935 ) stud i ed the  pren ata l  

devel opment of  the  coat of  New Zea l a nd Romney l amb s and  s uggested 

" t r i o-depres s i on "  occ urred when eac h l arger fo l l i c l e  acq u i red two 

smal l n e i g hbou r i ng fo l l i c l es ,  one on  e i ther s i de ,  g i v i n g  the tr i o  

arrangement .  As the fol l i c l e  dens i ty i ncreased , s he s u g gested a 

f urther check  " n i ne-depres s i on "  i n  wh i ch eac h  fo l l i c l e  i n  the  or i g i na l  

t r i o-group became the  centre of a new tr i o -group g i v i ng the  n i ne 

arrangement . Ga l p i n  proposed th at these two v ar i ab l e s  ( tr i o- and 

n i ne-depre s s i ons ) caused the f i bre to be f i ne thereafter .  G a l p i n  

s uggested th at the i nteract i on between these  two var i ab l es wou l d  

produce  the  d i fferent fi bre type arrays . Fraser ( 1 95 1 , 1 95 2 a ,  b ,  

1 95 3 )  and Fraser and Short ( 1 952 , 1 960 ) formu l ated a theory of 

competi t i on to account for the d i fferences i n  f i bre t i p s h apes . 

F raser post u l ated that the newl y-deve l o p i ng pr i mary l atera l  fol l i c l es 

competed for f i bre- formi ng s u bstrates  wi th the pr i mary centra l s .  Th i s  

caused a s l owi ng of the growth rate of the  p r i mary central  f i bres. 

Thu s the pr i mary central fol l i c l es form f i bres wi th a s i ck l e- sh aped 

t i p  wh ereas the l a tera l  fol l i c l es form f i bres wi th a reg u l ar cur l ed ­

t i p .  Fr aser and Hamada ( 1 952 ) a n d  Fraser e t  al . ( 1 954 ) cons i dered 

Pre-CT f i bres to be prod uced by p r i mary central  fol l i c l es ,  and i n  

p l ateau arrays , the pr i mary l ateral s produced HTCT f i bres wh i l e  

s econdar i es produced CT  and H i  f i bres . W i c k ham ( 1 95 8 ) , B urns  ( 1 966 ) 

and G u i rg i s et al . ( 1 981 a ,  b )  h av e  demonstrated th at Pre-CT f i bres may 

grow i n  pr i mary l ateral fol l i c l es and that f i bres of t he  c u r l y- t i p 

group  may grow i n  pr imary central  fo l l i c l es wh i ch i nv a l i dates the 

th eory th at compet i t i on from dev e l op i ng pr i mary l ateral  fo l l i c l es i s  

the  cau se  of the s i ck l e-end format i on .  

Fraser ( 1 95 1 , 1 952a ,  b )  s upposed that the fo l l i c l es h ave  d i f­

ferent effi c i enc i es to compete for f i bre-formi ng s u b strate s .  He 

s ug gested th at the pren atal  check re l ated the effi c i ency of  a fol l i c l e  

t o  the fol l i c l e • s  t i me o f  dev e l opment . O n  the other h and , Rende l 

( 1 9 5 4 )  co n s i dered the compet i t i on from second ary fol l i c l es to be a 

major determ i nant of ad u l t  f l eece structure . He  s ug gested that  
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d i fferences between fl eece types are d ue  to var i at i on i n  the n umber  of 

s econd ary fi bres grown postnata l ly. 

Stephen son  ( 1 958 ) found th at the fol l i c l e  den s i ty dur i ng pren atal  

l i fe  reached a maxi mum about  the t i me when the p renatal  check  must  

occur .  Howe ve r ,  h i s  data  fa i l ed to reveal  d i fferences  i n  den s i ty at  

a ny s t age of foeta l  deve l o pment wh i ch cou l d exp l a i n  the d i fference i n  

t h e  i ntens i ty of the prenatal  c heck between N and non-N ge notypes . I t  

was  a l so d i ff i cu l t  to exp l a i n  d i fferent i ntens i t i es of the  prenatal  

check between  d i fferent reg i ons i n  terms of the c h anges i n  fol l i c l e  

d e n s i ty at d i fferent foeta l  age s .  W i ckham ( 1 963 ) a l so found f i bres 

l i ke s i ck l es i n  sk i n  grafts  where the fol l i c l e  dens i ty was very l ow .  

Goot ( 1 940 ) proposed t h at t h e  prenatal c heck i s  an i nherent 

property of  i nd i v i du a l fo l l i c l es .  Ruda l l ( 1 95 5 )  s t ud i ed the 

r e l at i on s h i p  between the  s h a pe of  the pap i l l a  and f i bre morphol ogy. 

He s howed a reduct i on i n  the he i ght  of fol l i c l es p ap i l l ae produc i ng 

c hecked s i ck l e  f i bres as  comp ared to non-c hecked c u r ly- t i p  f i bres , the 

fo l l i c l e  bu l b  d i ameter be i n g  th e s ame for the  two groups . Ruda l l 

a scr i bed th i s  shorten i ng to  th e act i on of t h e  prenatal  check . 

D erbysh i re ( 1 975 ) attr i b uted a reduct i on i n  fol l i c l e  bu l b  d i ameter to 

t he  pren ata l  check . 

Wh at th e pren atal  check i s  and how i t  work s i s  s t i l l  an obsc u re 

q u e s t i o n .  

1 . 2 . 2 . 2  Genet i c  effects  on  h a l o  h a i r abundance and b i rthcoat f i bre 

types and arrays 

A b i rthcoat g r ad i ng system based on abu ndance of  ha l o - h a i rs was  

dev i s ed for New Ze a l and R omney l ambs ( Dry , 1 940 ; Dry et al. , 1 940 ; Dry 

and Fra ser , 1 947 ; Dry, 1 95 5 a ;  Stephenson , 1 956 ) .  The grades  v ar i ed 

from I ( no h a l o-h a i r s ) to  V I I  { dense ) . 

Dry and h i s  co l l eag ues  were  ab l e  to i dent i fy two major  genes  i n  

N ew Zea l a nd Romney s heep u s i ng th i s  grad i ng system ( Dry, 1 940 ; Dry e t  

al. , 1 940 ;  Dry and Fraser ,  1 947 ; Dry,  1 95 5b ,  c ) , the  domi nant  N and 

the  reces s i ve nr gene . Dry and Fr aser ( 1 94 7 )  g ave  a method of 

d i st i ng u i s h i ng p h enotyp i ca l l y  between homozygous  and heterozygo u s  
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domi nant N-type l amb s .  The s hou l der p atc h reg i on a l most i nvar i ab l y  

h ad red uc ed H H  abu ndance  i n N/+ l ambs but  N/N l ambs were be l i eved 

never to h ave a sho u l der p atc h .  

Sch i ncke l  ( 1 95 1 ) s uggested t h e  presence o f  a maj or gene i n  

t h e  Au stra l i an Mer i no anal ogo u s  to the gene  i n  the New Zea l a nd 

Romney.  S ub sequent  data h ave rai sed doubts  on  the monogen i c  

hypothes i s  ( Sch i nc ke l , 1 955 ) . Mu l t i factor i a l i nher i tance of H H  

abundance h as been reported i n  Wel s h  Mou nt a i n s heep ( Rende l ,  1 954 ) and 

i n  New Zeal and Romneys wh i ch h ad ne i ther the  N or  nr genes ( Dry, 

1 955a ) . W i ckh am and R ae ( 1 97 7 )  reported on o ther genes Nt and Nj 

a l l e l i c  to the N gene ( renamed Nd ) of the D rysd a l e  and the n gene of 

the Romney. 

The  ma i n  effect o f  the Nd gene i s  to i ncrease the v i go u r  and s i z e  

o f  t h e  ear l y-deve l o p i ng pr imary fo l l i c l es ( Dry, 1 940 ; F r aser , 1 95 2 b ; 

Fraser et a l . ,  1 954 ; S tephenson , 1 958 ;  Cock rem, 1 963 ; C arter and 

T i bb i t s , 1 959 ) . Th i s  res u l t s  i n  the i nc rease of H H  abundance ,  

medu l l at i on ,  l ength o f  the coarsest fi bres  and greater f i bre s hedd i ng 

as kemps . Dry ( 1 940 ) and D ry and Fraser ( 1 947 ) a l so reported the  

effect of  the Nd gene  o n  the prod uct i on of  horns . 

Fr aser ( 1 952 b )  and Fraser et al . ( 1 954 ) stud i ed the b i rthcoat 

fi bres and fi bre growth r ate u p  to 5 month s .  They conc l uded th at t he  

Nd and n genes c a used an  i nc rease i n  the  f i bre o utput  of  the p r i mary 

fol l i c l es and a decrea s e  i n  output from the  s econd ary fol l i c l es .  Ros s  

( 1 954 ) found that  t he  most  s tr i k i ng d i fference i n  the deve l o pment of  

the  coat  between N-type and non-N type i s  t he  rap i d  rate  of growth of  

fol l i c l es in  t he N type after the 92 days st age of foeta l  devel opmen t .  

Step henson ( 1 959 ) p o i nted out that the f i r s t  effect of th e N gene i s  

on  the pr imary fol l i c l e  p ap i l l a .  Th i s  l ead s to an i ncreased d i ameter 

of  fol l i c l es and f i bres . He  a l so s howed that the Nd gene h as no 

effect up  to 1 26 d ays concepti on , ne i ther on fol l i c l e  numbers n or on 

foeta l  growth . 

Stephen son  ( 1 952 ) s howed an i ncrease  i n  coarseness  of  the  f i bre 

type arrays w i th  i nc rea s i ng dos age o f  Nd genes . The f i r st  i ncrease  i n  

med u l l at i on was  s een  i n  the  b r i tc h ,  b ac k  and s i de .  W i th i nc reas i ng 

Nd-gene do s age , th i s  i nc rease i n  coarsenes s s pread s to other pos i t i ons , 
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f i na l l y  prod u c i ng  a fa i r l y  u n i form l y coarse f l eece . Stephenson  ( 1 95 2 )  

a l so showed t h at i n  ge notypes s howi ng  l i ttl e h a i r i ness , non-med u l l ated 

f i bres ( f i ne s i ck l e  and checked C T )  are the most  common Pre-CT f i bres . 

I n  Nd/Nd l amb s the major i ty of f i bres  are H H ,  SSA and HTCTs . 

Parent-offs pr i ng compar i sons  o f  f i bre type arr ays i nd i c ated that  

ge net i c  factors  are  i mportant i n  determi n i ng whether the array i s  

p l ateau , s ad d l e or v a l l ey ( Dry, 1 96 5 ) . B urns  ( 1 972 ) st ated th at both 

prenatal  c heck and base are e s s ent i a l l y  genet i c  but the i ntens i ty of 

the prenatal  check can  be mod i f i ed by non-ge ne t i c  factors act i ng 

d u r i ng foet a l  dev e l opment . I n  ova  transfer experi ments , i t  was 

s uggested that the prenatal  check of the transferred l amb s was a l ways 

i n  the d i rect i on of th e prenatal  c heck of the  foster dam ( Bu rn s ,  1 97 2 ;  

B urns and Ryder , 1 9 74 ) . G u i rg i s ( 1 97 7 )  reported that i n  rec i proc a l  

crosses between Mer i nos and O s s i m i s t he  prenatal  check tended to th at 

of  the materna l  breed . 
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1 . 2 . 3  Re l ati onsh i p  of Lamb Tr a i ts to Other Tra i ts 

1 . 2 . 3 . 1  B i rthcoat and surv i v a l  

Lamb s wi th coarser b i rthcoat grades  h ave  genera l l y  been found to  

h av e  better s ur v i v a l , part i c u l a r l y  i n  severe  env i ronmenta l  cond i t i on s  

( Sch i nc ke l , 1 955 ; A l exander ,  1 958 ; P urser and K ar am ,  1 96 7 ;  Obst  and  

Eva n s ,  1 9 70 ; Semmens ,  1 9 7 1 ; McCutc heon , 1 98 1 ) .  However ,  M u l l a ney 

( 1 96 6 ) found no re l a t i on between b i rth coat grade  and the s u rv i v a l  o f  

newborn Pol warth , Mer i no a n d  Corr i ed a l e l amb s .  He conc l u ded that  

a l t houg h  h a i ry-b i rthcoated l amb s have certa i n p hys i o l og i c a l  adv antage s 

t hey may h av e  l i tt l e surv i v a l  ad vantages u n l e s s  the we ather i s  seve r e .  

A l exander ( 1 958 ) a nd P urser a n d  K aram ( 1 96 7 ) found t h a t  f i ne­

co ated l amb s s uffered very b ad l y because  of greater l oss  of body heat 

a nd e nergy reserves u nder  severe cond i t i on s  of l ow temperature , wi nd 

and ra i n .  S l ee  ( c i ted by Ryder ,  1 97 4 )  confi rmed the general  bel i ef 

that  h a i ry l amb s h av e  better col d res i s tance t h a n  tho se  w i th wool l y  

coats . H e  s howed that  c l i pp i ng the b i rthcoat red uced the co l d  

res i stance of the  ha i ry l amb s by about 90% . McC u tcheon ( 1 981 ) found 

that  the met abol i c  r ate  req u i red to  ma i nta i n body temperature was 

s i gn i fi cant l y rel ated to  coat depth . He  showed that Drysda l e  l amb s 

h ad greater coat  depth and a s uper i or res i s tance to col d stre s s  than  

Romneys and  most  of  the  d i fference between  the  two breed s i n  

res i stance t o  co l d  stress  was acco unted for by the  correspond i ng 

d i fferences i n  co at depth . 

1 . 2 . 3 . 2  B i rthcoat and ad u l t  f l eece tra i t s  

Var i at i on i n  the b i rthcoat i s  u s u a l l y  a s s oc i ated wi th d i fferences 

i n  the ad u l t f l eece .  The genet i c  factors t h at cau s e  d i fferences i n  

the  adu l t  h av e  a l ready begun to s how the i r  effects  before b i rth ( Ryder  

a nd Stephens o n , 1 96 8 ) . Work i ng wi th We l sh Mounta i n  l ambs , W i l cox  

( 1 968 )  s howed that the  b i rth coat g r ade  was  h i g h l y  corre l ated wi th the  

k emp grad i ng o f  f i ve  s ubseq uent  f l eeces . He  al s o  i nd i c ated th at 

s e l ect i on of  s i res  and  dams on  b i rthcoat types wi l l  i mp rove f l eece 

character i s t i c s  rap i d l y .  
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I n  l amb s wi th hai ry b i rth coat s , HH and HTCT f i bres are u s ua l l y  

fo l l owed by kemp o r  very coarse f i bres  i n  t h e  ad u l t  f l eece ( Dry, 1 93 5 ,  

1 940 ; Deshp ande , 1 948 ; Sc h i ncke l , 1 95 1 ; R o s s  and Wr i ght , 1 954 ; 

Stephen son , 1 956 ; Fr aser and Short , 1 960 ; G u i rg i s ,  1 96 7 ;  Purser and 

K aram,  1 96 7 ; E l gabbas , 1 978 ; Gu i rg i s  e� a l . ,  1 9 7 9 a ,  b ) . A h i gh l y 

s i gn i f i cant corre l at i on of 0 . 70 was found between H H  grade and f i rst  

kemp gener at i on i n  Bark i s heep ( E l gabbas , 1 97 8 ) . Se l ect i on aga i nst  HH  

abundance has  proved very effect i ve in  red uc i ng kemp in  l ater f l eeces 

( D ry ,  1 935 ; E l gabbas , 1 978 ;  G u i rg i s e� al . ,  1 97 9 a ,  b ) . 

H i g her b i rthcoat HH  grades  tended to be fol l owed i n  the ad u l t  

f l eece by i ncreased var i ab i l i ty of f i bre d i ameter ( Sc h i nc ke l , 1 95 1 ; 

L ockart , 1 956 ; Sc h i nc ke l , 1 958 ; J acubec and L i ndovsky,  1 968 ; 

G a l l ag her , 1 97 1 ; Semmen s ,  1 9 7 1 ) and decreased cr i mp freq uency 

( Sch i ncke l , 1 95 1 ) but  no re l at i on was found wi th mean f i bre d i ameter . 

L ockart ( 1 95 6 ) found a pos i t i ve re l at i onsh i p  of b i rth co at grade wi th 

p r imary f i bres d i ameter ( +0 . 45 )  and a neg at i ve rel a t i ons h i p wi th 

secondary f i bres d i ameter ( -0 . 1 1 ) .  H e  a l s o  s howed a corre l at i on of 

0 . 83 between b i rthcoat grade  and pr i mary- s econda ry f i bre d i ameter 

d i f ference s  i n  the adu l t  f l eece . Sch i ncke l  ( 1 95 8 )  postu l ated that  

i nc reas i ng coars eness  of the  b i rthcoat was  as soc i ated wi th a s ubstan­

t i a l i ncrease  in  the  var i ab i l i ty of f i bre d i ameter and  th at was  due to  

t he  i ncreased d i fferences between d i ameters of fi bres prod uced i n  

p r i mary 

of the 

r e l at i on 

b i rthcoat 

and second ary fol l i c l es together wi th i ncreas i ng var i ab i l i ty 

pr i mary f i bres d i ameter . Ga l l ag her  ( 1 97 1 ) reported a cor­

coeffi c i ent wi th 1 5  month mean f i bre d i ameter of 0 . 42 for 

fi bre d i ameter and -0 . 1 9 for b i rthcoat g r ad e .  McC utc heon 

( 1 981 ) found that h i gher coat depths  and mi d - s i de wool we i ght i n  the 

b i rth co at were phenotyp i cal l y  as soc i ated wi th h i gher  greasy f l eece 

we i g ht , s t ap l e  l ength and s l i ght l y  poorer co l ou r  and a pos s i b l e  

i ncrease i n  f i bre d i ameter and medu l l at i on i n  the  hogget  f l eece . 

C oarser b i rth coat grad e s  were assoc i ated wi th d i f ferent body 

we i gh t s  i n  We l sh Mou nta i n l amb s ;  the regres s i on of b i rth we i ght , 

wean i ng we i ght and da i l y g a i n  to 1 20 days of age were  a l l negat i ve 

( Wi l co x ,  1 968 ) .  Semmens ( 1 97 1 ) found th at a n i mal s wi th h i gher  

b i rthcoat grades  had s i gn i f i cant l y  h i g her body we i ghts  at mark i ng ,  

we an i ng and hogget s t age s .  Work i ng wi th E gypt i an B ark i and Mer i no X 



B ar k i  crosses ,  Gu i rg i s  and Ga l a l  ( 1 972 ) fou nd that kemp score was 

pos i t i ve l y  corre l ated wi th b i rth- and we a n i ng-we i ghts and was 

negat i ve l y  co rre l ated wi th f l eece we i g ht . G u i rg i s e t  al . ( 1 982 ) 

f urthered th i s  i nv e st i ga t i on by est i mat i ng phenotyp i c  and genet i c 

parameters from wh i ch th ey conc l u ded that s e l ect i on aga i n st  kemp s core 

wou l d be  accompani ed by a con s i derab l e decrease  i n  b i rth- and wean i ng ­

we i ghts  and a n  i ncrease  i n  year l i ng wei ght . 

The  b i rthcoat of the  l amb ' s  

adu l t  f l eece trai ts . S uga i and 

h i gh corre l a t i on between the woo l 

s ho u l der and th i g h  at doc k i ng 

ta i l h as been 

Y uhara  ( 1 954 ) 

l ength of the  

and 1 2  mon th s 

stud i ed i n  re l at i on to 

showed a pos i t i ve and 

ta i l and that of both 

of age . They a l s o  

reported s i mi l ar res u l ts but  l ower corre l at i on s  regard i ng t h e  

var i at i on o f  t h e  wool l ength . Skarman and Nommera  ( 1 95 5 , c i ted by 

W i c k ham ,  1 982 ) stated th at the  b i rthcoat on  t h e  l amb ' s  t a i l m i g ht be  

u sefu l i n  se l ect i ng for more  even  and l es s  medu l l ated woo l . I n  

S l ov ak i an wool -mutton 

s i gn i f i cant corre l a t i o n  

t h e  t a i l ( at  1 -8 weeks ) 
( at 1 year of age ) . 

type  Mer i nos , P l anov sky ( 1 960 ) found no  

between  the  percent ag e  of  kemp at  any part of 

and f i bre f i neness on shou l der , s i de and back 

He conc l uded that i f  not l es s  th an h a l f of the 

l ength of the t a i l h as kemp , l amb s wi l l ,  when  adu l t ,  produce  f l eeces 

l ack i ng i n  u n i form i ty .  B ag i rov ( 1 968 ) i nd i c ated that wi th i ncreas i ng 

med u l l ated f i bres on the  ta i l and of h a l o -h a i r f i bres on the body at 3 

week s of age , 

re l at i onsh i ps 

f i bre f i nene s s  decreased at 1 year as there were d i rect 

between  these ch aracters . Th u s ,  B ag i rov st ated that  

s e l ect i on at  3 week s i s  poss i b l e .  

The rel at i on between H H  coverage grades  and arrays i s  not a very 

st rong one accord i ng to Burns ( 1 966 ) , G u i rg i s  ( 1 96 7 )  and Burns  and 

Ryder ( 1 9 74 )  s i nc e  Burns  ( 1 966 ) s howed t h at some HH  gr ade V I I  had 

v a l l ey or p l a i n  arrays i n  Ros eworthy Mer i no s amp l es .  Thu s ,  t hey 

s ug ge sted t h at h i g h HH b i rthcoats wi l l  not  neces sar i l y  be fol l owed by 

a h a i ry or kempy f l eeces . However ,  i n  Romney/Orysd a l e genotypes  there 

i s  a strong re l at i on between H H  grade and f i bre type arrays ( W i ckham ,  

person a l  commu n i cat i on ) . 

Dry ( 1 93 5 ,  1 940 , 1 97 5 )  reported t h at the rel at i on of ad u l t  f l eece 

medu l l at i on and the  f i bre type array i s  comp l i cated , depend i ng not 

o n l y  on the  types of f i bre present i n  the  array,  b ut  a l so  on the  
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degree of h a i r i ness  w i th i n  each  type and the  extent  to wh i ch each 

f i bre type  s h ed s .  He st ated th at p l ateau arrays are probab ly  a l ways 

fo l l owed by s ome degree of h a i r i ness  i n  the ad u l t  f l eece and th i s  i s  

a s s oc i ated wi th extreme w i th i n-stap l e  v a r i at i on i n  l ength and 

coarsenes s .  Deshpande ( 1 948 ) showed th at kemp freq uency was rel ated 

t o  the  type of b i rthco at and i ncreased wi th i ncreas i ng coarseness  and 

medu l l at i on of pr i mary f i bres . B urns ( 1 955 ) pos t u l ated that there i s  

n o  s i mp l e  and comp l ete rel a t i on between b i rthcoat f i bre type arrays 

and the  adu l t  f l eece bec ause  very d i fferent k i nd s  of adu l t  f l eece can 

fo l l ow the  s ame f i bre type array .  

Dry ( 1 935 , 1 940 ) s ug ge sted that more i ntense  prenata l  checks  i n  

t he array impa i red th e v i gour  of the ha l o - h a i r fo l l i c l es s uffi c i ent l y  

t o  prevent  secondary kemp growi ng l ater i n  the  f i r st year . H e  stated 

t h at co arser f i bre type arrays are u s ua l l y  fo l l owed by greater 

h a i r i ness  i n  s ubseq uent  f l eeces than f i ner arrays . Th i s trend was 

confi rmed i n  -type Romney ( Ross  and Wri g ht , 1 954 ) , Kerry,  Swal ed a l e 

a nd C hev i ot cros ses  ( G u i rg i s ,  1 96 7 ) , Uda and Y a nkassa  ( Burn s ,  1 96 7 a ,  

b ) , B ark i ( E l gabbas , 1 978 ) and Awass i  and H amadan i  l amb s ( G u i rg i s  

et a l . ,  1 979b ) . B urns  ( 1 967b ) stated that p l a i n arrays are never fo l ­

l owed by kempy f l eeces even after a kempy b i rthcoat . A l though  Dry 

( 1 935 ) suggested th at th e prenat al check cau sed pers i stent f i bre 

growth , Ryder ( 1 9 73 ) i nd i cated that the amou n t  of check i ng i n  s ad d l e  

and even  i n  rav i ne arrays was i ns uffi c i ent t o  p revent cast i ng of the  

adu l t  f l eece . For se l e ct i on aga i n st kemp at a n  ear l y  stage , i t  was  

recommended for B ark i s heep that  h i gher H H  grade  i s  essent i al for the  

l amb ' s  surv i va l ; hence f i ner fi bre type arrays  s ho u l d be cons i dered 

and a h i g h w i th i n-array CT/Pre-CT r at i o  shou l d be preferab l e  

( E l gabbas , 1 9 78 ) . A s i m i l ar conc l u s i on was  drawn by G u i rg i s et a l . 

( 1 979b ) for Awas s i  and Hamad a n i  s heep . 

B urns ( 1 95 5 ) fou nd , i n  Mer i no X Herdw i ck crosses , that  t h e  

coarser arrays were as soc i ated wi th greater wi th i n -stap l e v ar i at i on i n  

f i bre l ength and d i ameter i n  the adu l t  f l eece but not wi th  mean f i bre 

l ength , mean f i bre d i ameter or f l eece we i ght . G u i rg i s ( 1 97 9 ) showed 

t h at the re l at i onsh i p  of  f i bre type arrays to the ad u l t  f l eece was  

d i f ferent betwee n  breed s .  He showed th at in  Awas s i  l amb s p l ateau  

arrays were fo l l owed i n  t h e  adu l t  f l eece by  l onger f i bres , h i g h er 

wi th i n-stap l e  var i abi l i ty i n  fi bre l ength , h i gher percentages of f i ne 



fi bres and l ower percentage s of coarse and kemp f i bres wh i l e i n  

Hamad a n i l amb s p l ateau arrays were fol l owed by adu l t  f l eeces wi th 

f i ner d i ameter and s l i ght l y  l ower wi th i n-stap l e  var i ab i l i ty i n  f i bre 

l ength  and d i ameter . 

For  B ark i s heep , Gu i rg i s ( 1 982 ) conc l uded that s e l ect i on of l amb s 

for p l ateau f i bre type arrays wou l d res u l t i n  h i g her c l ean f l eece 

we i g hts ,  l o nger stap l e  l ength and co arser f i bre d i ameter wi th h i g her 

var i ab i l i ty t h an those of s add l e  array .  Wi th i n  the  s ad d l e  array ,  

s e l ect i on o f  those  wi th l ower SK% wou l d res u l t  i n  adu l t  f l eeces wi th 

h i gher  c l ean f l eece we i ght and those  wi t h  reduced CT% wo u l d  grow adu l t  

f l eeces  w i th f i ner d i ameters .  

1 . 2 . 3 . 3  L amb f l eece and l ater tra i t s  

Poh l e  ( 1 942 ) stud i ed 

year l i ng f l eece tra i ts . 

th e 

He  

re l at i on sh i p  between 

i nd i c ated that stap l e 

we an l i ng 

l ength 

a nd 

and 

precentage of c l ean wool on the  we an l i ng may be u s ed for pred i ct i ng 

these  trai ts  i n  the year l i ng f l eece . He a l so reported that  f i nenes s  

and de ns i ty h ad some pred i ct i ve but  l i mi ted va l u e .  R ae ( persona l  

commu n i cat i o n ,  c i ted by Wi c k h am ,  1 982 ) obta i ned an est i mate of the  

p h enotyp i c  corre l ati ons between  l amb and hogget f l eece we i g hts  of 0 . 47 

and a corre l at i on of 0 . 49 between q ua l i ty n umber i n  the  l amb and 

hog get f l eeces . 

2 1  
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Two Drysda l e  f l oc k s  were i nv o l ved i n  the  s tudy; one at Mas s ey 

U n i vers i ty ( F l oc k  A )  and one on a p r i vate  farm i n  the central  H awkes  

B ay reg i on ( F l oc k  B ) .  

Lamb s were c hosen  to  represent e ac h  s i re i n  F l ock  A ( 5  s i res ) and 

B ( 9  s i res ) .  W i th i n  each  s i re group l amb s were c l a s s i f i ed accord i ng 

to  sex and b i rth rank . Two or three  l amb s were random l y  chosen from 

e ach  s i re w i th i n  farm , s ex and b i rth r ank c l as s .  The n umber of  l amb s 

s amp l ed o n  e ac h  occa s i on at F l oc k  A were : l amb i ng ( 72 } ,  f i rst  

s heari ng ( 6 1 ) ,  second shear i ng ( 5 7 }  and  th i rd shear i ng ( 55 ) .  The  

correspond i ng n umb ers i n  the B f l oc k  were 82 , 72 , 7 2  and 3 5  ( ewe 

hoggets on l y  at the th i rd shear i ng s i nce ram hoggets were no l o nger 

av a i l ab l e ) . 

The D rysda l es i n  F l oc k  A gr azed an area 2 km south of P a l merston 

North , abo u t  50  m abov e sea  l ev e l  w i th temperatures rang i ng from 8 . 8  -

1 8 . 4°C and a ra i nfa l l rang i ng from 1 000 - 1 200 mm/year . F l oc k  B 

grazed an area  i n  central  Hawkes  B ay c l ose to the range s .  

Th e man agement  o f  both f l oc k s  was s i mi l ar .  Th e breed i ng season 

commenced i n  mi d-March each year . Lamb i ng took p l ac e  dur i ng Au gust  

and  ear l y  September when  l amb s were t agged and  sexed . The b i rth rank , 

date of  b i rth and d am t ag n umber were a l s o  recorded . L amb s were 

weaned i n  l ate November or e ar l y  D ecemb er and we an i ng we i ghts  were 

recorded at  th i s  t i me .  Some of t h e  ram l amb s were c u l l ed at wean i ng 

as  there was  not s u ffi c i ent g r az i ng for a l l l amb s to  be kept .  F i rst  

i n  m i d-December . From mi d-December onwards the  r ams and s hear i ng was  

ewes grazed 

hoggets were 

month l ater . 

separate l y . Second s hear i ng was i n  Apr i l .  The r am 

shorn ag a i n  i n  September fol l owed by ewe hoggets one 

The  p astures grazed by both f l ocks  were predomi n ant l y  perenn i a l 

ryeg r a s s  and wh i te c l over .  

ser i ous  drought took  p l ace .  

f l oc k s .  

N o  s u p p l ementary feed was prov i ded and no 

The s tock i ng r ate was about 1 3/ha  i n  both 



F i g ur e  1 .  F i xed  pos i t i on s  s amp l ed for  b i rthcoat and f l eece tra i t s .  

1 )  W i thers  ( WH ) ; 2 )  Back  ( BK ) ; 3 )  R ump ( RP ) ; 

4 )  B r i tch  ( BR ) ; 5 )  M i d - s i d e  ( MS ) ; 6 )  Be l l y  ( BL ) ;  

7 )  S hou l der p atch  ( SP ) ; 8 )  Shou l der  ( SH ) . 
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1 . 3 . 2  B i rthcoat An a l ys i s  

At about the age o f  3-4 week s ,  the b i rth coat of l amb s from both 

f l ocks  was s amp l ed u s i ng fi ne s c i ssors . I n  F l ock A, s amp l es were 

t aken from 8 body pos i t i on s :  wi thers , back , rump , shou l der , m i d-s i de ,  

br i tc h , s hou l der p atc h and be l l y .  In  F l oc k  B ,  s amp l e s were t ak e n  from 

4 pos i t i ons : shou l de r ,  m i d-s i de ,  br i tc h  and bac k .  Samp l i ng pos i t i ons  

are  s hown i n  F i gure 1 .  

From the ma i n b i rthcoat s amp l e ,  a s u b- s amp l e  of at l east  200 

f i bres was t aken  and the f i bres from who l e s ub-samp l es were sorted 

i nto t h e  f i bre types  i n i t i a l l y  descr i bed by Dry ( 1 93 5 )  and rev i ewed by 

Stephenson  ( 1 956 ) and Dry ( 1 975 ) .  The var i o u s  types of f i bres were 

i dent i f i ed and cou nted on b l ack ve l vet . The b i rthcoat f i bres were 

c l as s i f i ed i nto three ma i n  groups on the bas i s  of the i r  t i p  s h ape : 

pre-c u r l y  t i ps ,  c u r l y- ti p and h i sterotri ch  f i bre s .  E ac h  group  

cont a i ned fi bre types  d i st i ng u i shed by th e i r  prenatal  med u l l at i on and 

th e i r  rate of growth . The pres ence of med u l l a was confi rmed by 

exami n at i on under benzene .  F i gure 2 s hows b i rthcoat fi bre types , and 

the fol l owi ng i s  a br i ef defi n i t i on of them.  

1 . 3 . 2 . 1 The Pre- c u r l y  ti p group ( Pre . CT )  

Th i s  group i s  thought to i nc l ude mo st  o f  the  f i rst  f i bres to  

deve l o p i n  the s k i n of the  foetus . They u s u a l l y  h ave s i ck l e - s h aped 

t i ps .  Th i s  group  conta i n s the fol l owi ng f i bre types : 

A .  H a l o-ha i rs ( HH ) : are the  l onge st f i bres , strong l y  medu l l ated 

throughout  wi th t i ps wh i ch may be stra i g ht  or  s i ck l e . They h ave a 

fast growth r ate ( S i de and Ruda l l ,  1 964 ) and hence project above the  

oth er  b i rthcoat f i bre s .  

B .  S uper- s i ck l e  f i bres ( SS ) : these h av e  a s i ck l e- s h aped t i p and are 

shorter than HH f i bres . S uper- s i ck l es are sub- d i v i ded i n to th ree 

types  accord i ng to the presence or absence of  medu l l a  i n  the prenata l  

reg i on 1 neck 1 o f  the  f i bres : 

i .  S uper-s i ck l e � ( SSA ) : medu l l ated t h roughout b ut  u s u a l l y  

w i th sma l l er medu l l a  d i ameter and s h orter than  HH ; 
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HALO· HAIR HALO-HAIR' SUPER·SICKL£ A SUPER-51CKL£ A' 

TYPE 1 TYPE Z TYPE 3 FINE SS8 FINE Sk 

SUPER-SICKLE 8 SICKLE FINE PRE • CURLY-TIP HAIRY· TIP - CURLY· TIP 

tl f.f1 jl�0J1;� 
CHECKED CURLY· TIP MEDULLATED CURLY-TIP NON·MED\JLLATED CURLY-TIP HISTEROTRICHS 

F i g ure 2 .  B i rthcoat f i bre type s .  Th i cken i ng shows me du l l ated part of f i bres ( after Stephenson , 1 9 5 6 ) . 
N 
(Jl 



i i .  Super- s i ck l e � ( SSA ' ) :  wi th med u l l a on l y  be i ng absent 

at the b i rth po i nt ;  

i i i .  Super- s i ck l e  � ( SSB ) : where medu l l a  i s  absent from 

severa l  parts of the  neck . 
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C .  S i c k l e  f i bres ( SK ) : where the  neck be l ow the  s i ck l e- s h aped t i p  i s  

free from med u l l a . SK f i bres can  be med u l l ated or non -med u l l ated 

postnata l ly .  The l atter are k nown as f i ne s i ck l es ( F . SK ) . 

1 . 3 . 2 . 2  The C u r l y-t i p  group 

These f i bres ch aracter i s t i ca l l y  h ave  a cur l  at the  a p i ca l  end . 

Th i s  group i nc l udes : 

A .  H a i ry-t i p c u r l y-t i ps ( HTCT ) : where the prenatal p art of the  f i bre 

i s  p a rt l y or tot a l l y  med u l l ated ; 

B .  C u r l y-t i p  f i bres ( CT ) : wh i c h h ave  a prenatal  reg i on free of 

medu l l a ; 

C .  Checked c ur l y-t i p  f i bres ( ChCT ) : both the  prenata l  and postn ata l  

p arts  are free of  med u l l a  and  these  f i bres are the  mo st  c u r l ed of the  

CT gro u p .  

1 . 3 . 2 . 3  The H i sterotr i c h  grou p  ( H i ) 

T hese  are f i bres wi thout a defi n i te s h ape  at the  ap i ca l  p art wh i c h 

i s  re l a t i ve ly  stra i g ht . These  f i bres are thought to beg i n  growi ng 

e i ther  j ust before or after  b i rth . These f i bre types are often s ub­

d i v i de d  i nto med u l l ated or  non -medu l l ated on  the bas i s  of th e post­

n ata l l y  grown reg i on .  

B i rth coat f i bres are u s u a l l y  con s i dered a s  col l ect i on s  or arrays . 

The f i bre type array i s  de scr i bed by Dry ( 1 935 , 1 965 ) as  " a  ser i es of 

f i bre types drawn from a smal l area of the  s k i n ,  arranged i n  the i r  

be l i ev ed order of  deve l o pment" . Dry ( 1 93 5 )  and Stephenson ( 1 95 6 )  

descr i bed d i fferent f i bre type arrays accord i ng t o  the presence or 

absence of  d i fferent fi bre types  as s hown in  Tab l e  1 . 3 . 1 .  Sadd l e  



Tab l e  1 . 3 . 1  B i rthcoat f i bre types i n  d i fferent arrays . 

F i bre Types  
Arrays 

HH SSA SSA ' SSB SK F . SK C h . CT 

P l ateau 
------:; PO + 

* P 1  + + 

* P2 + + + 

* P3 + + + + 

Sadd l e  + + + + + 

R av i ne + + + + + + 

V a l l ey 
* Truncated + + + + + + + 

* Beheaded + + + + + 

P l a i n  
* Coarse + + + + + + + 

* F i ne + + 

# Medu l l ated post-nata l l y  
## Non-medu l l ated post-natal l y  

HTCT CT 
m# n . m## 

+ + + 

+ + + 

+ + + 

+ + + 

+ + + 

+ + + 

+ + + 

+ + + 

+ 

+ 

m# 

+ 

-:-

+ 

+ 

+ 

+ 

+ 

+ 

H i  
n . m## 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

N 
-.....! 
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array must h ave  at l east three s i ck l e  f i bres ( Gu i rg i s ,  persona l  

commu n i c at i on ) . 

Dry ( 1 93 5 )  defi ned the prec i p i ce and trans i t i on as  features of an 

array.  The prec i p i ce was defi ned as a s harp sudden  reduct i on i n  

coarseness  and/or l ength wi th i n  the cu r l y- t i p group .  Trans i t i on 

refers to a grad i ent  i n  coarseness  and/or l ength wi th i n  the  cur l y- t i p 

group . 

1 . 3 . 3  F l eece  Analys i s  

F l eece s amp l es were col l ected from fi rst , s econd and th i rd 

shear i ng s  from both f l ocks . I n  F l oc k  A ,  s amp l es were taken  from 6 

pos i t i on s  (w i thers , back , r ump , shou l der , m i d-s i de and br i tch ) wh i l e 4 

pos i t i on s  ( s hou l de r ,  m i d - s i de ,  br i tc h  and back ) were s amp l ed from 

F l oc k  B .  F i gure 1 s hows d i fferent samp l i ng pos i t i ons . 

The day before s he ar i ng , wool s amp l es were co l l ected c l o s e  to the  

sk i n  us i ng Oster  e l ect r i c  c l i ppers wi th s i ze  40 b l ade s .  The l ength of  

the  s i de s  of  th e rectang l es of  sk i n  c l i pped were recorded and the  area 

s horn was ca l cu l ated ( i n  F l oc k  A ,  the area shorn was recorded i n  

s ho u l der and m i d- s i de o n l y  i n  the  f i rst  shear i ng wh i l e i n  the second 

a nd th i rd shear i ngs  the area was recorded i n  s hou l der ,  mi d-s i de ,  

br i tc h  and bac k ,  the s ame pos i t i on s  as i n  F l oc k  B ) .  E ach  samp l e  was 

kept  i n  a p l a s t i c bag for further a n a l ys i s .  

K emp score was s ubj ect i ve l y  asses sed on the  greasy s amp l e .  The 

g r ad e s  were  K 1  = no kemp , K2 = a few kemp f i bres , K3  = moderate kemps ,  

and K 4  = dense  kemp fi bres . 

Greasy co l o ur ,  l u s tre and hand l e  scores were s ubj ect i ve l y  graded 

on the  greasy s amp l e .  These were graded on a 1 to 9 sc a l e ;  the  h i gher 

the score the wh i ter ,  the more l u s trous ,  the  softer .  These grad i ng 

systems h ave  been d i s cu s sed by S umner ( 1 969 ) .  The  average of two 

ob servers • a s ses sments was g i ven  to each  s amp l e  for col o u r ,  l u stre and 

h a nd l e .  

S tap l e  l ength was the  average  of f i ve stap l es t aken r andom l y  from 

e ac h  greasy s amp l e .  Me asurement  was made between the  base and the t i p  
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of  the  stap l e .  

t o  the stap l e .  

Care was taken not to app l y  any l ong i tud i na l  tens i on 

The  we i ght of eac h greasy samp l e  was recorded after cond i t i on i ng 

i n  a humi d i ty room o f  20°C and 65% RH for 48 hours  and used i n  the  

c a l c u l at i on of greasy wool per  u n i t  area and  c l e an sco ured yi e l d .  

D ur i ng scour i ng e ach  s amp l e  was kept i n  a teryl ene  mes h  bag . The 

scour i ng eq u i pment con s i sted of 4 bowl s ( 36 L each ) .  Squeeze rol l ers 

removed excess  l i q uor when samp l es were transferred from bowl to bowl . 

Cond i t i ons  of each bowl are deta i l ed i n  Tab l e  1 . 3 . 2 .  After the f i n a l  

bowl , the  woo l  was spun  dry and dr i ed further i n  a forced draught at 

82°C before return i ng to th e cond i t i on i ng room. After 48 hours , the  

c l ean s co u red we i ght was recorded and c l ean  scoured yi e l d was  

ca l c u l ated as  

we i ght of scoured samp l e  x 1 00 .  
we i ght o f  greasy samp l e  

C l ean  woo l  per un i t  area was a l s o  recorded . 

I n  a separate st udy u s i ng th i s  scour i ng method , the  res i du a l  

ether extract  ( ASTM , 1 95 8 )  was found to be 1 . 59% . 

Each  c l ean scoured s amp l e  was subject i ve l y  graded for scoured 

co l o ur . The same sca l e from 1 to  9 ment i oned ear l i er w i th greasy 

co l o ur  was used . Then  each  s amp l e  was hand-carded . After 

cond i t i on i ng i n  the humi d i ty room at 20°C and 65% RH for 48 hours , 

s amp l es were we i ghed and tested i n  that atmo sphere for b u l k ,  

r e s i l i ence , t r i s t i mu l u s  co l o u r  v a l ues  and medu l l at i on i ndex . 

B u l k and  res i l i ence were  measured on a 1 0  gms c l ean sco ured and 

carded s amp l e  us i ng a WRONZ b u l kometer ( Bedford et a l . ,  1 97 7 ) .  

U s i ng a H unterl ab  025  D2M Co l o r i meter , red ( X ) , green ( Y )  and 

b l ue ( Z )  ref l ect ances were meas ured on two 3 gms s ub-samp l es taken  

from e ac h  c l ean and carded s amp l e .  As  samp l es were  not  degreased 

after sco u r i ng ,  the res i du a l  grease mi g ht i mpa i r the  wh i teness of  

these  s amp l e s .  Each s u b - s amp l e  was  measured on two faces and the  

average  of  the  four  read i ngs  was recorded for eac h  va l u e .  Y-Z was 

a l so c a l c u l ated . H i gher Y - Z  v a l u es i nd i cate ye l l ow d i scol ourat i on .  



Tab l e 1 . 3 . 2  Cond i t i on s  of each  bowl i n  the sco ur i ng method 

Bowl 

1 

2 

3 

4 

Temp . 
oC 

5 5  

5 1  

46 

Co l d 

Det . # 

(m l ) 

8 

23  

1 9  

R i n se  

5 1  

NaHC03 
( gm )  

2 2 7  

pH 

9 . 5 

8 . 2 

8 .  1 

7 . 6  

2 9 a  

# Det . = Deterge nt ( a  techn i ca l  grade o f  nonyl p heno l conden sed wi th 

ethyl ene ox i de ) . 

Med u l l at i o n i ndex was determi ned us i ng a WRONZ medu l l ameter 

( L appage and Bed ford , 1 983 ) .  Th i s  operates on a s i mi l a r pr i nc i p l e  to 

that  de scr i bed by McMahon ( 1 937 ) .  The ma i n  d i f ference i s  that the  

i mmers i on med i um was  Mob i l Certrex 47 i n stead of be nzen e .  The  

med u l l amet e r  was  c a l i brated ag a i nst  measurements made by project i on 

m i croscope so that t h e  med u l l ameter i ndex corres ponds c l o s e l y  to the 
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p ercentage area of medu l l a  meas ured by proj ect i on mi croscope . The 

meas urements  were made on a 0 . 5  gms s u b - s amp l e  t aken from e ac h  c l e a n  

scoured , c arded and cond i t i oned s amp l e .  

I n  F l oc k  A ,  greasy f l eece we i ght was recorded at the  f i r st  a nd 

th i rd shear i ng s .  C l e an f l eece we i ghts  were c a l cu l ated from the  greasy 

f l eece we i ghts  and the mean y i e l d  of  the  s i x pos i t i o n s  samp l ed .  

1 . 3 . 4  Stati s t i c al Proced ures 

1 . 3 . 4 . 1 An a lys i s  of var i ance stud i es 

For a l l tra i ts stud i ed ord i nary l east  s q uares a n a l ys i s  was car­

r i ed out to e s t i mate p arameters and  to  p art i t i on the  var i ab i l i ty i nto  

i ts sources . For th i s  p u rpose , the  R EG s t at i st i ca l  p ackage  a v a i l ab l e  

at the Mas s ey U n i vers i ty Computer Centre was u sed { G i l mou r ,  1 981 ) .  

Percentages  of  b i rthcoat f i bre types  were transformed to  arc s i ne 

va l u e s .  

Pre l i m i n ary a n a l yses  o f  t h e  data  i nd i c ated that  t h e  f i xed effec t s  

of  pos i t i on ,  b i rth rank , s ex , age of  dam ,  f l ock , s he ar i ng a n d  the  

cov ar i ance on date of  b i rth were i mportant  s ources of  v ar i at i on .  S i re 

effects were i nc l uded i n  a l l mode l s  and wer e  as s umed to be r andoml y  

drawn from a pop u l a t i on w i th zero me an  and v ar i ance o 2 s . Some of t h e  

f i rst order i nteract i ons  s howed s i gn i f i cant  effect s ;  therefore t h ey 

were i nc l uded where necess ary i n  th e mode l s . Non-s i gn i f i c ant 

i nteract i ons , i n  part i c u l ar  those of s i re X pos i t i on  as we l l as  

pos i t i on X sex i nteract i on s ,  were omi tted from the  mode l s .  Second 

order i nteract i on s  of part i cu l ar i nterest were a l so tested , but none 

was found to be s i g n if i cant ; hence they were a l so omi tted from a l l 

mode l s .  

A s  men t i o ned ear l i er for greasy and c l ean  woo l per u n i t  are a ,  

four pos i t i ons  { s ho u l der ,  m i d -s i de ,  br i tc h  and  back ) were measured i n  

F l oc k  B ,  wh i l e  two pos i t i ons  on l y  were meas ured i n  F l ock  A at  t h e  

f i rst s hear i ng ( s hou l der a n d  m i d-s i de )  a n d  the  s ame four pos i t i ons  a s  

i n  F l ock  B were measured i n  the  s econd a n d  th i rd s hear i ng s .  

Therefore , wh i l e  the  mod e l s for greasy and c l ean  wool per  u n i t  area  
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were the s ame as  the  other  trai ts i n  F l oc k  B ,  they d i ffered i n  F l oc k  A 

ma i n l y  due  to n umb er of  pos i t i ons  i nvo l ved i n  the  an a l ys i s .  

Four l i near mode l s  were u sed i n  order to repres ent d i fferent 

aspects of t he  data .  The  effects  i nc l uded in  the mode l s and the  

deg rees of  freedom are shown i n  Tab l e  1 . 3 . 6 .  Some symbo l s were u sed 

to represent  a part i cu l ar mode l ; A and B refer to f l oc k s  A and B 

res p ect i ve l y ,  and th e n umbers 1 ,  2 o r  3 denote  shear i ngs  i nv o l ved i n  

that  mode l ,  i . e .  f i rst , second or th i rd s hear i ng res pect i ve l y. The  

four  mode l s  u s ed i n  the  data were : 

A .  Comb i n i ng s hear i ng data :  th e s heep  i nc l uded i n  these  mod e l s  h ad 

reco rds for a l l t h ree shear i ng s  i n  F l oc k  A ( 55 sheep ) and for the  

f i rs t  and  second shear i ng s  in  F l ock  B { 72 sheep ) . 

A1 23 i s  a mode l  i n  wh i ch data for F l oc k  A for the th ree s h e ar i ngs  

were comb i ned ( for both greasy and c l e an wool per  un i t  are a ,  s ho u l der  

and mi d-s i de samp l es on ly  i nc l uded i n  t h at mode l wh i l e  a l l the  s i x  

pos i t i ons  were i nvo l ved i n  the ana l ys i s  of the  other tra i t s ) .  I n  

mode l s  A1 2 and B 1 2 the  f i rst  two shear i n g s  for both f l oc k s  ( A  and B )  

were comb i ned . A23 i s  a spec i a l mod e l  for both greasy and c l ean  woo l  

p e r  u n i t  area i n  wh i ch t h e  l ast  two s hear i ng s  were comb i ned t o  anal yse 

the  four  pos i t i ons i nvo l ved . 

The th i rd shear i ng i n  F l ock  B was exc l u ded from the  a n a l ys i s  

s i nce the  ram data  were not ava i l ab l e .  Po s i t i on ,  sex , b i rth rank , age 

of  d am and shear i ng were f i xed effects wh i l e  the  s i re effect was  

con s i dered to be r andom . The  i nteract i on s  f i tted can be seen i n  Tab l e  

1 . 3 . � .  

B .  Comb i n i ng f l ock data .  A model  comb i n i ng both f l ocks  i n  the  f i rst  

( AB 1 ) and second s heari ng ( AB2 ) was a l s o  u sed . The wi thers and  rump 

p os i t i on s  were exc l u ded from F l oc k  A t o  matc h wi th the s ame four 

pos i t i on s  ( s hou l der ,  m i d-s i d e ,  br i tc h and back ) a s  i n  F l oc k  B .  For 

both g reasy and c l ean woo l  per un i t  area  o n l y  s hou l der and m i d - s i de 

s amp l es were i nc l uded i n  AB1  wh i l e  the  s ame four pos i t i on s  were 

i nv o l ved i n  AB2 . F actors f i tted can be  seen  i n  Tab l e  1 . 3 .� .  



Table 1 . 3 .3 D egrees of freedom of factors i nc l uded i n  d i fferent 

models analysing fleece traits 

A 1 23 A1 2 B1 2 AB1 AB2 A1 B1 A2 

Total 989 659 575 571 5 1 5  365 327 341  

P o s i tion ( PO S )  5 5 3 3 3 5 3 5 

Sex ( S )  

B i rth rank ( B R )  

D am age 

B irth date 

Shearing ( SH G )  2 

S i re 4 4 8 4 8 4 

SHG X POS 1 0  5 3 

SHG X Sire 8 4 8 

SHG X S 2 

SHG X BR 2 

S i re X S 4 4 8 4 8 4 

S i r e  X BR 4 4 8 4 8 4 

BR X S 

F lock 

S i r e  I Flock 1 2  1 2  

Flock X S 

B2 

287 

3 

8 

8 

8 

R e sidual 943 625 529 550 494 343 295 3 1 9  2 55 

32 

A3 B3 

3 2 9  1 39 

5 3 

!?!? only 

4 8 

4 

4 8 

3 0 7  1 1 7  
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C .  Separate f l ock  and shear i ng d at a .  A model  prov i des  sep arate 

an a l yses  for both f l ocks  ( A ,  B )  i n  the f i r st  ( A1 , B1 ) ,  second ( A 2 ,  B2 ) 

and th i rd s hear i ng ( A3 ) . The s i x  pos i t i on s  i n  F l ock  A a nd t h e  four 

pos i t i on s  i n  F l oc k  B were i nvo l ved i n  the  an a l yses of a l l tra i ts 

except for greasy and c l ean wool per  u n i t  area i n  F l oc k  A i n  wh i ch 

on l y  s hou l der and m i d-s i de pos i t i on s  were i nc l uded i n  A1 , wh i l e the 

four pos i t i on s  ( shou l der , mi d - s i de ,  br i tc h  and back ) were i nv o l ved i n  

A2 and A3 . 

D .  Separate f l ock , sheari ng and s ex data .  A ser i es of  a na l yses  of 

th i s  typ e  was carr i ed out but on l y  the res u l t s  for F l oc k  B i n  the 

tn i rd s hear i ng are presented s i nc e  r am data were not ava i l ab l e  for 

that f l oc k  and shear i ng .  

To obta i n  the  expected va l u e  of the mean  squares , Sear l e  ( 1 9 70 )  

treated both fi xed and mi xed mode l s  a s  comp l ete l y  random except t h at 

the cr 2  terms correspond i ng to f i x ed effects  and i nter act i ons  of  f i xed 

effects  are c hanged i nto q uad r at i c  f u nct i on s  of these f i xed e ffects .  

K coeff i c i ents  were ca l c u l ated ( Sned e cor and Coc hran , 1 980 ) . V a r i ance 

components  were e st imated by eq u at i ng the ca l cu l ated mean  sq u ares to  

the i r expect ed v a l ues . 

1 . 3 . 4 . 2  Mu l t i p l e  regres s i on stud i e s  

Mu l t i p l e  regres s i on anal yses  were  carr i ed out wi th i n  t h e  f l ock­

s ex groups  u s i ng the  R EG stat i s t i c a l  pac k age ( G i l mour ,  1 981 ) .  T he  

mu l t i p l e  r egres s i on eq u at i on h ad the  fol l owi ng  form : 

where Y = the average of th i rd s he ar i ng for a part i cu l ar 

tra i t ;  medu l l at i on i ndex , b u l k ,  greasy and c l e an 

th i rd f l eece we i ghts , 

a = constant 

x 1 , x2 , . . .  , xn refer to i ndependent  v ar i ates expres s ed as  dev i a-

t i on s  from the i r  respect i ve means . I n  th i s  case  

a l l b i rthcoat and  fi rst  s hear i ng tra i ts  were i nc ­

l uded i n  th e ana l y s i s  a s  i ndependent v ar i ab l es ,  
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b1 , b2 , . . .  , bn denote the  part i a l regres s i on coeffi c i ents of Y on 

vari ab l e x i , 

e = error term assumed to be normal l y  and i ndepen­

dent l y  d i str i buted wi th a mean  of zero and con­

stant var i ance . 

I n  d i scus s i ng the c ho i ce of  i ndependent  var i ates to  be i nc l uded 

i n  a regres s i on anal ys i s ,  Hock i ng ( 1 976 ) i nd i cated t h at the best 

tec h n i q ue ( i f  i t  i s  computat i ona l l y  feas i b l e )  i s  to  ana l yse  a l l 

poss i b l e  comb i n at i ons  of the  i ndependent var i ates i n  order to se l ect 

the opt i ma l  s ubset .  The R EG stat i st i ca l  p ackage prov i des  screen i ng 

for a l l pos s i b l e  comb i nat i on s  among i ndependent var i ates . The opt i on 

of h av i ng a m i n i mum of two and a max i mum of four var i ates wa s i nvoked 

i n  a l l mode l s .  

T h e  best  mode l s  were se l ected on the  bas i s  of the  adj u sted R2 

( sq u ared m u l t i p l e  corre l at i on coeffi c i ent ) .  

2 
Adj us ted R2 = 1 _ ( 1  - R ) ( Total  degrees of freedom ) 

( Error degrees of freedom) 

The regress i on wi th the h i ghest  adj usted R2 i s  al so  the one wi th  t h e  

l owest res i du a l mean sq uares . T h e  i nd i v i d u a l  fact ors i n  the  mode l are 

not neces s ar i l y  s i gn i f i cant . 

1 . 3 . 4 . 3 Corre l at i ons stud i es 

Corre l at i on coeffi c i ents  between var i ous  tra i t s  were c a l c u l ated 

wi th i n  f l oc k -s ex groups . Where no s i gn i f i cant d i fferences between 

corre l a t i ons  were found , they were  pool ed across sexes and th e n  across 

f l oc k s  u s i ng F i sher ' s  Z transformat i on ( Sn edecor and Coc hran , 1 980 ) . 
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1 . 4 RESULTS AND D I SCUSS I ON 

1 . 4 . 1 F ac tors Affect i ng F l eece Tra i ts 

1 . 4 . 1 . 1  Kemp score 

Pos i t i on was general l y  t h e  ma i n  source of v ar i at i on i n  kemp 

score .  Tab l es 1 . 4 . 1 - 1 . 4 . 8  show th at kemp scor e ,  h arshness  and 

medu l l at i on i nd i ces i ncreased towards the poster i or p arts  of the body.  

D ors a l  pos i t i ons  had h i gher  kemp s core and h arsher h and l e  but l ower 

medu l l at i on i nd i ces compared wi th  l ateral pos i t i on s .  At l ater 

s hear i ng s ,  kemp score i ncreased on the back pos i t i on but decreased on 

m i d - s i de ,  b r i tc h and wi thers  pos i t i on s .  The s hear i ng X pos i t i on 

i nterac t i on ap peared to be s i gn i f i cant  i n  F l oc k  A .  

G u i rg i s  

p arts  of the 

pos i t i on s  was 

I nd i an breed s 

( 1 980 ) showed th at  kemp score was l ower i n  the  anter i or 

body i n  B ark i  s heep . Coarser woo l  on  the  poster i or 

a l so reported i n  New Zea l and Romney ( Goo t ,  1 945 ) and i n  

( c i ted by S umner and R ev fe i m ,  1 973 ) .  

I n  a separate study, 

to  s t udy f i bre type rati o .  

ten NdNd ewes runn i ng i n  F l oc k  A were u sed 

At 3 weeks  of age , s t ap l es on th e shou l -

der ,  m i d-s i de , br i tch  and back pos i t i on s  were t i ed together  to reta i n  

s hed f i bres ( G u i rg i s ,  1 967 ) . The day before shear i ng these  stap l es 

were co l l ected u s i ng fi ne sc i s s ors . The who l e stap l e  ( average of 1 097  

f i bres ) was  s p l i t  i nto kemp , med u l l ated and  non -medu l l ated f i bres . 

The s ame tec h n i que  was app l i ed 3 week s after the second and th i rd 

s h ear i ng s .  

H i g h l y s i gn i f i cant shear i ng X s h eep and shear i ng X pos i t i on 

i nterac t i ons occurred wi th contr i b u t i ons  of 1 7 . 5% and 2 1 . 6% to the 

total  v a r i ance i n  percentage of k emp f i bres respec t i ve l y .  I t  appeared 

t h at r ank i ng s  of s h eep and pos i t i on s  var i ed ac ros s  the  three 

s hear i ng s .  The s heep X pos i t i on i nteract i on was a l so s i gn i f i cant  and 

contr i b uted 9 . 7% of the  tot a l  var i ance i n  percentage of k emp f i bres . 

F l oc k  A s amp l es h ad h i g her k emp score i n  the f i rst  s h e ar i ng but  

the  s i ze of  the  f l ock  effect was smal l accord i ng to Tab l e  1 . 4 . 9 .  The 

s i re v a r i ance component was  l arger i n  F l oc k  A and a l most neg l i g i b l e  i n  

F l oc k  B .  The p roport i on of among -s i re v a r i at i on i ncreased at l ater 



Table 1 . 4 . 1  Least squares means and effects for first fleece traits i n  Flock A (A 1 ) 

KS HG MI GCG SCG X y z Y-Z STL YLD GWA CWA LG BUL RES 

Mean 2 . 83 3 . 1 3  3 1 . 37 4 . 1 1  4 . 69 63 . 32 6 5 . 06 61 . 61 3 . 45 1 5 . 55 76 . 68 2 5 . 54 1 9 . 01 3 . 73 2 1 . 69 7 . 44 

Sex 

Male +0 . 08 +0 . 03 +0 . 49 -0 . 01 -0 . 1 2  -0 . 2 1 -0 . 22 -0 . 26 +0 . 04 -0 . 1 8  +0 . 1 1  -0 . 80 -0 . 47 +0 . 01 +0 . 03 -0 . 01 

Birth rank 

s ingle +0 . 03 -0 . 1 4  -0 . 76 -0 . 02 +0 . 20 +0 . 37 +0 . 44 +0 . 43 +0 . 01 +0 . 40 - 1 . 08 +1 . 25 +0 . 86 0 . 00 +0 . 1 6  +0 . 07 

Dam � 

2-yr -0 . 02 -0 . 02 +0 . 1 5  -0 . 05 -0 . 1 9  -0 . 70 -0 . 83 -0 . 72 -0 . 1 1  -0 . 44 +0 . 33 -1 . 41 - 1 . 09 -0 . 07 +0 . 1 4 +0 . 1 2  

P osition 

SH 

MS 

BR 

�/H 

BK 

R P  

-0 . 82 

-0 . 25 

+0 . 41 

-0 . 33 

+0 . 31 

+0 . 69 

+0 . 60 

+0 . 2 1 

-0 . 43 

+0 . 09 

-0 . 2 2 

-0 . 25 

+0 . 1 5  +0 . 52 

+3 . 04 +0 . 75 

+5 . 08 +0 . 24 

-5 . 07 -0 . 38 

-3 . 25 -0 . 66 

+0 . 05 -0 . 48 

+1 . 04 +1 . 54 +1 . 74 +2 . 20 

+1 . 55 +2 . 96 +3 . 09 +4 . 6 7  

+0 . 52 +1 . 58 +1 . 66 +2 . 2 3 

-0 . 76 - 1 . 88 -1 . 98 -3 . 02 

- 1 . 27 -2 . 78 -2 . 97 -4 . 29 

- 1 . 07 -1 . 41 - 1 . 54 -1 . 78 

-0 . 46 -0 . 35 -2 . 00 -0 . 07 -0 . 1 7  +0 . 1 1  -0 . 1 3  +0 . 1 2  

-1 . 58 +0 . 34 -0 . 84 +0 . 07 +0 . 1 7  +0 . 1 8 +0 . 38 +0 . 1 7  

-0 . 57 -0 . 90 -4 . 30 na na -0 . 1 3  +1 . 7 7  +0 . 44 

+1 . 04 +1 . 1 9  +3 . 02 na na +0 . 05 - 1 . 36 -0 . 37 

+1 . 33 +0 . 33 +2 . 76 na na -0 . 25 -0 . 30 +0 . 01 

+0 . 24 -0 . 60 +1 . 36 na na +0 . 03 -0 . 36 -0 . 36 

Birth d ate 0 . 00 +0 . 01 -0 . 04 +0 . 01 +0 . 02 +0 . 02 +0 . 02 +0 . 03 -0 . 01 -0 . 1 2  +0 . 1 0  -0 . 1 8  -0 . 1 1  0 . 00 -0 . 0 1  0 . 00 

The female , twin and older dam e f fects have the same magnitude as, but opposite sign t o ,  the male , single and 2-yr dam 

e f fects 

na = not available w 
"' 



Table 1 . 4 . 2  Least squares means and effects for second fleece traits in Flock A (A2) 

KS HG MI GCG SCG X y z Y-Z STL YLD GWA CWA LG BUL RES 

Mean 2 . 63 3 . 76 25 . 2 5 4 . 93 4 . 31 6 2 . 1 0  64 . 29 60 . 1 2  4 . 1 7  1 0 . 87 80 . 09 2 9 . 9 0  24 . 82 3 . 90 22 . 03 7 . 66 

S ex 

Male 

B irth rank -- --

-0 . 01 -0 . 05 +0 . 38 -0 . 04 -0 . 06 -0 . 2 1 -0 . 1 9  -0 . 1 2  -0 . 07 -0 . 23 +0 . 36 -3 . 04 -2 . 35 -0 . 08 +0 . 21 +0 . 01 

s ingle +0 . 04 -0 . 03 -0 . 72 -0 . 06 -0 . 01 -0 . 26 -0 . 2 2 -0 . 23 +0 . 01 -0 . 05 -1 . 1 3  +0 . 23 -0 . 1 4 0 . 00 +0 . 30 +0 . 1 5  

Dam � 

2-yr +0 . 06 +0 . 01 +0 . 25 -0 . 06 -0 . 07 -0 . 34 -0 . 34 -0 . 45 +0 . 1 1  -0 . 34 +0 . 1 3  -0 . 84 -0 . 6 8  -0 . 06 +0 . 1 0  -0 . 03 

P osition 

SH 

MS 

BR 

WH 

BK 

R P  

-1 . 05 

-0 . 40 

+0 . 37 

-0 . 56 

+0 . 68 

+0 . 96 

+0 . 48 

+0 . 1 3  

-0 . 50 

+0 . 32 

-0 . 1 0  

-0 . 33 

-1 . 2 6 +0 . 1 8  

+3 . 32 +0 . 25 

+5 . 29 -0 . 61 

-4 . 55 +0 . 40 

-2 . 78 +0 . 04 

-0 . 02 -0 . 25 

+0 . 90 +1 . 43 +1 . 37 +1 . 79 

+1 . 1 8  +2 . 88 +2 . 91 +4 . 22 

+0 . 38 +1 . 86 +1 . 79 +2 . 1 7  

-0 . 61 -1 . 66 ...: 1 . 63 -2 . 62 

- 1 . 04 -2 . 47 -2 . 33 -3 . 2 1  

-0 . 82 -2 . 04 - 2 . 1 1  -2 . 36 

-0 . 43 +0 . 32 -2 . 1 1  -5 . 22 -5 . 73 +0 . 26 -0 . 75 -0 . 1 5  

- 1 . 3 1 +0 . 69 -1 . 97 -6 . 37 -6 . 65 +0 . 03 -0 . 07 -0 . 1 6  

-0 . 38 -0 . 40 -3 . 34 -5 . 26 -5 . 94 -0 . 20 +1 . 55 +0 . 1 5  

+0 . 99 +0 . 58 +5 . 52 na na +0 . 1 9  -1 . 48 -0 . 2 5 

+0 . 88 -0 . 29 +3 . 01 +1 6 . 84 +1 8 . 32 -0 . 1 1  +0 . 43 +0 . 21 

+0 . 24 -0 . 89 -1 . 1 0  na na -0 . 1 6  +0 . 32 +0 . 20 

B i r th dat e  +0 . 01 +0 . 01 +0 . 03 0 . 00 +0 . 01 +0 . 02 +0 . 01 +0 . 02 -0 . 02 -0 . 02 +0 . 05 -0 . 04 -0 . 01 +0 . 01 -0 . 03 -0 . 02 

T h e  female , twin and olde r  dam e ffects have the same magnitude as,  but opposite sign t o ,  the male ,  single and 2-yr dam 

e ffects 

na = not available 

-------------------------------------------------------------------------

w 
"'-J 



Table 1 . 4 . 3  Least squares means and effects for third fl eece traits i n  Flock A (AJ) 

KS HG MI GCG SCG X y z Y-Z STL YLD GWA CWA LG BUL 

------ - -- -- -

RES 

Mean 2 . 1 B  3 . 29 3 1 . 1 8  3 . 65 4 . 97 62 . 81 64 . 7 1  60 . 5 1  4 . 20 1 4 . 96 7 9 . 43 35 . 75 3 0 . 0 7  3 . 42 22 . 28 7 . 95 

Sex 

Male -0 . 07 -0 . 05 +1 . 05 -0 . 01 -0 . 05 -0 . 01 -0 . 02 +0 . 1 7  -0 . 1 9  +0 . 49 +1 . 34 +0 . 1 1  +0 . 67 +0 . 05 -0 . 02 -0 . 07 

B irth rank 

s ingle -0 . 02 -0 . 03 -0 . 83 -0 . 02 +0 . 05 -0 . 1 7  -0 . 1 6  -0 . 1 9  +0 . 02 -0 . 37 -0 . 88 -0 . 41 -0 . 63 +0 . 02 +0 . 28 +0 . 1 7  

Dam � 

2-yr -0 . 1 5  -0 . 08 +1 . 26 -0 . 04 +0 . 03 +0 . 04 +0 . 03 +0 . 02 +0 . 01 +0 . 68 +0 . 25 -0 . 0 1 -0 . 04 -0 . 1 3  -0 . 07 -0 . 09 

P osition 

SH 

MS 

BR 

WH 

BK 

RP 

-0 . 86 

-0 . 46 

+0 . 36 

-0 . 90 

+0 . 99 

+0 . 87 

+0 . 32 

+0 . 28 

-0 . 46 

+0 . 32 

-0 . 1 3  

-0 . 33 

+0 . 1 4 -0 . 22 

+ 5 . 75 -0 . 32 

+3 . 33 -0 . 39 

-7 . 09 +0 . 61 

-2 . 34 +0 . 28 

+0 . 22 +0 . 03 

-0 . 1 0  -0 . 34 -0 . 34 -0 . 83 

+1 . 30 +3 . 2 1 +3 . 36 +4 . 46 

+0 . 21 +0 . 47 +0 . 47 +0 . 99 

-0 . 43 -1 . 23 -1 . 27 -1 . 75 

-0 . 65 -1 . 1 8  -1 . 22 -2 . 00 

-0 . 32 -0 . 92 -1 . 0 1 -0 . 86 

+0 . 50 +1 . 63 -1 . 87 +0 . 37 -1 . 97 +0 . 28 -1 . 56 -0 . 59 

-1 . 1 0  +0 . 73 -5 . 63 -7 . 62 - 9 . 33 +0 . 22 +1 . 87 +0 . 43 

-0 . 52 +0 . 05 -2 . 90 +0 . 41 -2 . 34 -0 . 1 4 -0 . 1 6  -0 . 33 

+0 . 48 +0 . 47 +5 . 96 na na +0 . 1 9  -1 . 02 -0 . 05 

+0 . 78 -1 . 69 +4 . 35 +6 . 84 +1 3 . 65 -0 . 30 +1 . 00 +0 . 58 

-0 . 1 5  - 1 . 1 9  +0 . 1 0 na na -0 . 25 -0 . 1 4  -0 . 05 

B irth date +0 . 01 0 . 00 -0 . 1 1  0 . 00 +0 . 01 -0 . 02 -0 . 02 -0 . 02 -0 . 01 0 . 00 +0 . 03 +0 . 03 +0 . 03 +0 . 01 -0 . 03 -0 . 01 -- --

T he female , twin and older dam effects have the same magnitude a s ,  bu t opposite sign t o ,  the mal e ,  single and 2-yr dam 

e f fects 

na = not available 

w 
00 



Table 1 . 4 . 4  Least squares means and effec ts for first fleece traits i n  Flock B ( B7) 

KS HG MI GCG SCG X y z Y-Z STL YLD GWA CWA LG BUL RES 

Mean 3 . 1 5  4 . 2 5 1 5 . 47 5 . 58 3 . 64 57. 9 5  59. 1 7  53 . 03 6 . 1 4  1 4 . 72 85 . 64 25 . 24 2 1 . 93 3 . 61 1 8 . 52 6 . 96 

Sex 

Male +0 . 01 -0 . 1 1  - 1 . 1 5  -0 . 1 0  -0 . 08 -0 . 35 -0 . 37 -0 . 71 +0 . 34 -0 . 03 -0 . 09 -0 . 90 -0 . 71 + 0 . 03 0 . 00 +0 . 06 

Birth rank -- --

s ingle +0 . 09 -0 . 1 0  +0 . 82 +0 . 09 -0 . 02 +0 . 07 +0 . 07 -0 . 0 8  +0 . 1 6  +0 . 37 +0 . 1 1  +1 . 37 +1 . 1 1  0 . 00 +0 . 1 2  -0 . 06 

Dam � 

2-yr 

P osition 

SH 

MS 

BR 

BK 

+0 . 01 -0 . 1 8  +0 . 63 -0 . 25 -0 . 21 +1 . 01 +1 . 09 +0 . 68 +0 . 41 -0 . 1 3  -0 . 80 -1 . 1 5  -0 . 8 9 -0 . 07 +0 . 44 +0 . 24 

-0 . 80 +0 . 72 - 1 . 43 +0 . 41 +0 . 36 +1 . 39 +1 . 49 +1 . 2 7  +0 . 22 +0 . 65 +0 . 06 +0 . 1 5  -0 . 01 +0 . 27 -1 . 28 -0 . 39 

-0 . 42 +0 . 52 +0 . 79 +0 . 48 +1 . 1 0  +2 . 86 +3 . 05 +3 . 69 -0 . 64 +0 . 09 -0 . 63 -4 . 65 -3 . 99 +0 . 27 -0 . 35 -0 . 1 9  

+0 . 36 -0 . 46 +3 . 40 -0 . 01 +0 . 1 5  +1 . 09 +1 . 1 2  +1 . 1 3  -0 . 01 -0 . 33 -2 . 57 -0 . 32 -0 . 96 -0 . 1 6  +1 . 48 +0 . 41 

+0 . 87 -0 . 78 -2 . 75 -0 . 88 -1 . 62 -5 . 33 -5 . 66 -6 . 09 +0 . 44 -0 . 41 +3 . 1 5  +4 . 83 +4 . 95 -0 . 39 +0 . 1 6  +0 . 1 7  

Birth d ate - 0 . 0 1  -0 . 0 1 +0 . 31 -0 . 03 +0 . 03 +0 . 1 4 +0 . 1 6  +0 . 1 9 -0 . 03 -0 . 03 -0 . 1 4  -0 . 01 -0 . 05 0 . 00 +0 . 07 0 . 00 
-- --

The female , twin and olde r  dam e f fects have the same magnitude as, but opposite sign t o ,  the mal e ,  single and 2-yr dam 

e f fects 

w 
t.O 



-- -

Table 1 . 4 . 5  Least sguares means and effects for second fleece traits in Floc k  B (B2) 

KS HG MI GCG SCG X y z Y-Z STL YLD GWA CWA LG BUL RES 

Mean 2 . 90 4 . 02 2 1 . 48 4 . 42 5 . 20 6 3 . 1 4  64 . 48 62 . 1 0  2 . 37 1 6 . 50 80 . 08 3 4 . 1 3  27 . 49 4 . 48 2 1 . 72 7 . 90 

Sex 

Male 

B irth rank -- --

-0 . 06 -0 . 06 -0 . 02 -0 . 34 -0 . 34 -0 . 83 -0 . 8 7 -1 . 26 +0 . 39 -0 . 1 1  -0 . 55 -1 . 43 - 1 . 36 -0 . 01 +0 . 27 +0 . 1 1  

s ingle +0 . 03 -0 . 04 -0 . 1 0  +0 . 04 -0 . 08 +0 . 1 0  +0 . 1 0  +0 . 1 2  -0 . 02 -0 . 25 +0 . 35 -0 . 04 +0 . 03 -0 . 02 +0 . 05 -0 . 02 

Dam � 

2-yr +0 . 05 -0 . 1 4  +3 . 26 +0 . 03 +0 . 23 +0 . 61 +0 . 55 +1 . 0 1 -0 . 46 +0 . 70 -0 . 1 1  +1 . 33 +0 . 97 -0 . 1 7  +0 . 62 +0 . 1 3  

P osition 

SH 

MS 

BR 

BK 

-0 . 93 

-0 . 39 

+0 . 32 

+1 . 01 

+0 . 61 -2 . 81 

+0 . 2 6 +1 . 1 3  

-0 . 5 3  +4 . 56 

-0 . 35 -2 . 8 9  

+0 . 25 +0 . 57 +0 . 74 +0 . 81 

+0 . 21 +0 . 55 +1 . 40 +1 . 37 

-0 . 64 +0 . 20 +1 . 03 +1 . 06 

+0 . 1 8  -1 . 32 -3 . 1 8 -3 . 2 3 

+0 . 48 +0 . 33 +0 . 1 5 -1 . 24 -3 . 67 -3 . 43 +0 . 45 -0 . 94 -0 . 25 

+2 . 1 3  -0 . 76 +1 . 35 -1 . 06 -1 . 4 3  -1 . 55 +0 . 1 4 -0 . 40 -0 . 1 5  

+1 . 36 -0 . 30 -0 . 83 -1 . 47 +3 . 55 +2 . 50 -0 . 30 +0 . 69 +0 . 06 

-3 . 96 +D . 73 -0 . 67 +3 . 76 +1 . 54 +2 . 47 -0 . 30 +0 . 66 +0 . 33 

B i r th date 0 . 00 -0 . 01 +0 . 09 0 . 00 -0 . 01 -0 . 03 -0 . 02 -0 . 07 +0 . 05 -0 . 04 +0 . 1 0  -0 . 03 +0 . 01 -0 . 02 -0 . 03 -0 . 01 -- --

The female , twin and olde r  dam e f fects have the same magn itude a s ,  but opposite sign t o ,  the mal e ,  single and 2-yr dam 

e f fects 

� 
0 



Table 1 . 4 . 6  Least squares means and e ffects for third fleece traits i n  Flock 8 ewes ( B3) 

K S  HG MI GCG SCG X y z Y-Z STL YLD GWA CWA LG BUL RES 

Mean 3 . 1 1  3 . 7 1 1 2 . 84 3 . 49 6 . 62 61 . 39 6 3 . 32 61 . 1 0 2 . 22 1 3 . 7 3 75 . 01 30 . 64 22 . 74 3 . 7 5  2 1 . 47 7 . 89 

S ex 

Male na na na na na na na na na na na na na na na na 

B i r th rank 

single +0 . 03 -0 . 02 +0 . 83 +0 . 05 +0 . 09 +0 . 1 3  +0 . 1 3  -0 . 05 +0 . 1 9 -0 . 29 +0 . 02 +0 . 56 +0 . 47 -0 . 05 +0 . 1 8  +0 . 04 

Dam � 

2-yr +0 . 1 8  -0 . 1 4  - 1 . 77 -0 . 1 2  +0 . 46 +0 . 38 +0 . 43 +0 . 89 -0 . 45 +0 . 49 +0 . 49 -0 . 1 3  -0 . 07 -0 . 07 +1 . 03 +0 . 37 

P osition 

SH -0 . 69 +0 . 43 -0 . 80 +0 . 41 +1 . 26 +0 . 70 +0 . 70 +1 . 76 -1 . 06 +0 . 36 -0 . 44 +0 . 24 -0 . 09 +0 . 41 -0 . 99 -0 . 27 

MS -0 . 1 4  +0 . 06 0 . 00 +0 . 29 +0 . 92 +1 . 5 1 +1 . 59 +2 . 51 -0 . 93 +1 . 50 -0 . 91 +0 . 1 2 -0 . 34 +0 . 1 2  -0 . 40 -0 . 25 

BR +0 . 2 9 -0 . 20 +3 . 50 -0 . 31 +0 . 41 +1 . 55 +1 . 59 +2 . 1 3  -0 . 55 -1 . 20 -5 . 47 -4 . 98 -5 . 56 -0 . 02 +1 . 02 +0 . 29 

BK +0 . 54 -0 . 29 -2 . 70 -0 . 39 -2 . 59 -3 . 76 -3 . 88 -6 . 41 +2 . 53 -0 . 66 +6 . 82 +4 . 63 +5 . 98 -0 . 51 +0 . 38 +0 . 23 

B irth date 0 . 00 -0 . 01 +0 . 32 o . oo -0 . 01 +0 . 02 +0 . 02 -0 . 03 +0 . 05 +0 . 03 +0 . 1 3  +0 . 07 +0 . 1 0  0 . 00 -0 . 03 -0 . 01 -- --

T h e  female , twin and older dam e f fects have the same magnitude a s ,  but opposite sign t o ,  the male , single and 2-yr dam 

e f fects 

na = not available 

� 
--" 



T able 1 . 4 . 7  Least squares means and effects for first fleece traits i n  b oth flocks (AB1) 

KS HG MI GCG SCG X y z Y-Z STL YLD GWA CWA LG BUL RES 

Mean 2 . 96 3 . 62 2 9 . 5 8  4 . 7 1 4 . 1 3  61 . 3 9 63 . 1 0  57 . 97 5 . 1 3  1 5 . 8 5  78 . 92 2 6 . 1 1  2 0 . 39 3 . 58 2 2 . 09 7 . 69 

F l ock 

A +0 . 07 -0 . 20 +1 2 . 33 +0 . 1 2  -0 . 1 9  +1 . 1 3  +1 . 0 7  +1 . 21 -0 . 1 4  +0 . 08 +2 . 29 +0 . 97 +0 . 84 +0 . 1 0  +2 . 72 +0 . 70 

S ex 

Male +0 . 05 -0 . 04 -0 . 28 -0 . 07 -0 . 09 -0 . 2 8 -0 . 28 -0 . 43 +0 . 1 5 -0 . 06 +0 . 1 9  -0 . 58 -0 . 47 +0 . 02 0 . 00 +0 . 01 

B i r th rank -- --

single +0 . 07 -0 . 1 1  +0 . 05 +0 . 03 +0 . 06 +0 . 2 5 +0 . 28 +0 . 1 5  +0 . 1 3  +0 . 41 -0 . 34 +1 . 24 +0 . 89 0 . 00 +0 . 1 5 0 . 00 

Dam � 

2-y r  0 . 00 -0 . 06 +0 . 58 -0 . 06 -0 . 1 2 -0 . 1 4 -0 . 1 6  -0 . 1 7  +0 . 01 -0 . 23 +0 . 01 -0 . 99 -0 . 79 -0 . 05 +0 . 20 +0 . 1 6  

P osition 

SH 

MS 

BR 

BK 

-0 . 77 

-0 . 3 1 

+0 . 42 

+0 . 67 

+0 . 65 

+0 . 37 

-0 . 47 

-0 . 56 

-1 . 29 +0 . 37 

+1 . 21 +0 . 50 

+3 . 58 +0 . 01 

-3 . 50 -0 .. 8 8  

+0 . 45 +1 . 1 0  +1 . 22 +1 . 1 5  

+1 . 1 0  +2 . 55 +2 . 69 +3 . 60 

+0 . 1 1  +0 . 95 +0 . 98 +1 . 09 

-1 . 66 -4 . 59 -4 . 89 -5 . 84 

+0 . 07 +0 . 29 -0 . 35 +1 . 35 +1 . 07 +0 . 21 -0 . 97 -0 . 25 

-0 . 91 +0 . 26 -0 . 26 -1 . 35 -1 . 07 +0 . 24 -0 . 22 -0 . 1 1  

-0 . 1 1  -0 . 5 1 -2 . 84 na na -0 . 1 4 +1 . 42 +0 . 34 

+0 . 95 -0 . 03 +3 . 45 na na -0 . 32 -0 . 22 +0 . 03 

B i r th d at e  0 . 00 +0 . 01 +0 . 01 0 . 00 +0 . 03 +0 . 05 +0 . 05 +0 . 08 -0 . 03 -0 . 1 0  +0 . 08 -0 . 1 4  -0 . 09 0 . 00 -0 . 02 -0 . 01 

The Flock B ,  female ,  twin and older dam effects have the same magnitude a s ,  but opposite sign t o ,  the Flock A ,  

mal e ,  single and 2-yr dam e f fects 

na = not available 

.f:::> 
N 



T able 1 . 4 . 8  Least squares means and e ffects for second fl eece traits i n  both flocks (AB2) 

KS HG MI GCG SCG X y z Y-Z STL YLD GWA CWA LG BUL RES 

Mean 2 . 72 3 . 66 2 4 . 28 4 . 55 4 . 62 6 2 . 7 8 64 . 79 60 . 81 3 . 98 1 3 . 90 79. 36 3 1 . 03 24 . 79 3 . 99 2 2 . 38 7 . 97 

F l ock 

A +0 . 03 -0 . 08 +5 . 1 3  +0 . 20 -0 . 03 +0 . 56 +0 . 62 +0 . 45 +0 . 1 7  -0 . 73 - 1 . 88 -1 . 86 -2 . 22 +0 . 09 +1 . 71 +0 . 1 4 

Sex 

Male -0 . 03 -0 . 04 -0 . 1 3  -0 . 22 -0 . 24 -0 . 62 -0 . 61 -0 . 81 +0 . 20 -0 . 2 1  +0 . 0 1 -2 . 23 -1 . 83 -0 . 06 +0 . 20 +0 . 05 

Birth rank -- --

single +0 . 03 -0 . 05 -0 . 28 0 . 00 -0 . 03 +0 . 0 1  +0 . 04 +0 . 06 -0 . 02 -0 . 1 5  -0 . 38 +0 . 08 -0 . 04 -0 . 02 

D am � 

2-yr +0 . 05 -0 . 02 +0 . 31 -0 . 01 -0 . 07 -0 . 1 1  -0 . 1 5  -0 . 1 4  -0 . 01 +0 . 03 +0 . 59 +0 . 42 +0 . 44 -0 . 1 0  

P osit ion 

SH -0 . 94 +0 . 55 -2 . 63 +0 . 2 3  +0 . 56 +0 . 64 +0 . 64 +0 . 51 +0 . 1 3  +0 . 1 9 -1 . 1 3  -2 . 49 -2 . 42 +0 . 37 

MS -0 . 35 +0 . 20 +1 . 59 +0 . 24 +0 . 67 +1 . 65 +1 . 64 +2 . 50 -0 . 87 +1 . 02 -0 . 98 -1 . 75 -1 . 78 +0 . 09 

BR +0 . 38 -0 . 52 +4 . 38 -0 . 61 +0 . 1 2  +0 . 99 +0 . 97 +1 . 1 7  -0 . 20 -0 . 68 -1 . 8 1  +1 . 52 +0 . 79 -0 . 25 

BK +0 . 91 -0 . 24 -3 . 34 +0 . 1 3  -1 . 36 - 3 . 27 -3 . 25 -4 . 1 8  +0 . 94 -0 . 54 +3 . 92 +2 . 7 2  +3 . 41 -0 . 21 

B irth d ate 0 . 00 +0 . 01 +0 . 04 0 . 00 +0 . 01 -0 . 01 -0 . 01 -0 . 01 -0 . 01 -0 . 02 +0 . 08 -0 . 06 -0 . 02 0 . 00 
-- --

The Flock B ,  female ,  twin and older dam e f fects have the same magnitude a s ,  but opposite sign t o ,  the Flock A ,  

male , single and 2-yr dam e f fects 

.-

+0 . 1 9  +0 . 07 

+0 . 07 0 . 00 

-0 . 98 -0 . 21 

-0 . 39 -0 . 1 6  

+0 . 94 +0 . 1 0  

+0 . 43 +0 . 27 

-0 . 04 -0 . 02 

.j:::> 
w 
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T a b l e  1 . 4 . 9  Percentages of total vari ance due to d i fferent factors (wi th s ign i f i cance): Keme Score 

Sources of 
var i at i on A1 23 A1 2 B 1 2  AB1 AB2 A1 B1 A2 B 2  A 3  B 3  

( PO S )  
* *  ** ** ** ** ** ** ** * *  ** ** 

Pos i t i o n  50 . 1  4 8 . 8  70 . 2  66 . 7  65 . 1  5 2 . 6  7 1 . 9  52 . 9  6 9 . 2 55 . 5  3 5 . 8  

Sex ( S )  0 . 0  0 . 0  o.  1 0 . 1 0 . 1  1 . 4 0 . 0  0 . 4  0 . 7  0 . 9  ii o n l y  

( B R )  
** 

B i rth rank 0 . 0  0 . 0  0 . 6  0 . 8  0 . 0  0 . 0  1 . 2  0 . 0  0 . 1  0 . 2  0 . 0  

** ** ** 
Dam age 0 . 0  1 .  1 0 . 4  0 . 3  0 . 2  0 . 0  1 . 5  2 . 3  0 . 0  0 . 6  2 . 7  

B i rth date 

Shear i ng ( SH G )  0 . 0  0 . 0  1 . 0  

Si re 4 . 6  3 . 2  0 . 4  0 . 7  0 . 0  8. 1 0 . 8  8 . 6  0 . 0  

** ** 
SHG x POS 4 . 3  3 . 5  0 . 3  

** ** 
SHG x S i re 2 . 1  2 . 9  0 . 0  

** ** 
SHG X s 1 .  2 1 .  5 0 . 1  

SHG x BR 0 . 0  0 . 0  0 . 1 

* ** 
S i r e  x S 0 . 0  0 . 0  0 . 9  0 . 3  2 . 1  0 . 0  0 . 0  0 . 2  

** * * ** * 
S i re x BR 1 .  2 1 .  2 1 . 0 1 .  2 2 . 4  1 .  1 1 .  5 0 . 8  1 0 . 7 

BR x S 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  

F l oc k  1 . 6  0 . 0  

** 
S i re/fl oc k  0 . 5  3 . 4  

F l ock  x S 0 . 2  0 . 1  

Res i du a l  36 . 5  3 7 . 9  24 . 9  29 . 8  3 1 . 1 43 . 8  21 . 0  35 . 2  27 . 8  33 . 3  50 . 9  

Res . mean sq . 0 . 37 0 . 34 0 . 30 0 . 26 0 . 42 0 . 26 0 . 22 0 . 41 0 . 38 0 . 43 0 . 52 

* p<O . OS ,  ** p<0 . 01 
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shear i ng s , perh aps  due  to  a decrease i n  some env i ronmenta l  effect s . 

The rank i ng of s i res changed among  shear i ngs  as the s hear i ng X s i re 

i nterac t i on was s i gn i fi cant i n  F l oc k  A .  

Sex d i fference s  contr i buted l i tt l e t o  the total  v ar i ance i n  kemp 

score .  Sh ear i ng X sex i nteract i on was s i gn i f i cant i n  F l oc k  A a s  rams 

tended to h ave  l ower kemp score i n  l ater f l eeces . There was one 

month ' s  d i f ference i n  the t i me of the th i rd shear i ng between  r ams and 

ewes i n  F l oc k  A ,  and th i s  may b e  a factor i n  the i nteract i on .  Both 

sexes  were a l so s ubj ected to d i fferent env i ronments after the  f i rst  

shear i ng . 

B i rth  rank h ad l i tt l e  effect on k emp score . S i re rank i ngs  were  

not co n s i stent for  s i ng l e  and twi n offs p r i ng s ,  therefore s i re X b i rth 

rank i nteract i on was  often s i gn i f i c a n t .  T h e  offspr i ng of you nger dams 

h ad ge nera l l y  h i g h er kemp score i n  F l oc k  B ,  but  showed no trend i n  

F l oc k A .  The  s i ze of the effect was  very smal l .  

1 . 4 . 1 . 2 H an d l e grade  

Tab l e  1 . 4 . 1 0  i nd i cates that po s i t i on was the ma i n  source of 

Harshness  tended to i ncrease toward s var i at i on co ntrol l i ng hand l e .  

the poster i or p arts  of the body.  Dorsa l  pos i t i ons  were a l so harsher 

than the l ateral  ones . Shear i ng X pos i t i on i nteract i on was s i gn i f i -

cant i n  b oth f l oc k s  as the rank i ng of  pos i t i ons was i ncon s i stent  among 

shear i ng s .  There were cons i derab l e s hear i ng d i fferences i n  hand l e  i n  

F l oc k  A .  S econd s heari ng s amp l es h ad th e softest  woo l  compared wi th 

the f i rst  and th i rd shear i ngs , poss i b l y  due to the l owes t  med u l l at i on 

i ndex i n  the  second shear i ng ( Tab l e  1 . 4 . 2 ) . The second f l eece , after 

four-month  growth , was approx i mate l y  t h e  t i me when  k emp-produc i ng 

fol l i c l es were i n act i ve and prepar i ng for the  second kemp generat i on .  

F l oc k  A s amp l es were hars her than  those  of F l ock  B .  B etween­

f l oc k  var i at i on s  were l arger i n  th e f i rst  sheari ng ( AB 1 ) .  T he  s i re 

wi th i n  f l oc k  var i at i on s  were  s i gn i f i cant  i n  the f i rst and s econd 

s hear i ng s  ( AB 1 , AB2 ) . Genera l l y ,  the s i z e  of the effect was smal l and 

not con s i stent  i n  d i rect i on .  
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Tab l e  1 . 4 . 1 0 Percentages of total v 3 r i ance due to d i fferent factors (wi th s ign i f i c ance } :  Handle Grade 

Sources o f  
var i at i on A1 23 A1 2 B 1 2  AB1  AB2 A1 B 1  A2 B2 A3 B 3  

( PO S }  
** ** * * *  ** ** ** ** ** ** ** 

P os i t i on 2 3 . 9  2 1 . 8  4 4 . 3  34 . 8  48 . 2  2 2 . 6  50 . 3  34. 1 52 . 3  30. 7 33 . 3  

Sex ( S )  0 . 0  0 . 0  0 . 0  0 . 0  0 . 4  0 . 2  0 . 0  0 . 5  0 . 2  0 . 3  � �  o n l y  

( B R )  
* *  

B i r th rank 1 . 3  1 . 2  0 . 0  1 . 9 
* 
0 . 9  6 . 7  0 . 6  0 . 0  0 . 0  0 . 7  0 . 0  

** * * ** * 
D am age 0 . 8 0 . 9  1 . 3  2 . 8  0 . 0  0 . 0  1 .  3 0 . 0  0 . 3  0 . 2  3 . 9  

B i r t h  date * *  ** * ** * 

Shear i ng ( SHG} 1 3 . 8  1 8 . 3  0 . 0  

S i re 1 .  5 1 . 4 2 . 2  5 . 6  1 .  1 o. 7 6 . 4  4 . 2  0 . 0  

* ** 
SHG x POS 1 • 1 0 . 8  3 . 8  

* ** 
SHG x S i re 0 . 8  0 . 3  2 . 5  

SHG x s 0 . 1  0 . 3  0 . 2  

* *  ** 
SHG x BR 1 .  4 2 . 0  0 . 4  

* * ** ** 
S i re x s 1 . 0  1 .  2 2 . 4  0 . 0  3 . 8  1 . 5  0 . 1  0 . 3  

* ** 
S i re x BR 0 . 3  0 . 8  0 . 5  0 . 0  1 .  1 2 . 3  2 . 1  0 . 0  1 6 . 5  

** * 
BR X s 0 . 0  0 . 0  3 . 5  0 . 0  2 . 2  0. 0 0 . 5  0 . 0  

F l oc k  1 6 . 7  0 . 0  

** ** 
S i re/ f l oc k  2 . 7  4 . 8  

* 
F l oc k  x S 1 . 3  0 . 0  

Res i d u a l  5 3 . 9  5 1 . 3  38. 9  3 9 . 9  4 5 . 7  64 . 9  3 9 . 7 6 1 . 0  38. 2 63 . 5  46 . 0  

R e s .  mean sq . 0 . 29 0 . 32 0 . 40 0 . 55 0 . 28 0 . 39 0 . 55 0 . 25 0 . 27 0 . 2 5  0 . 1 8  

* p<0 . 0 5 ,  ** p<0 . 01 
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Tab l e  1 . 4 . 1 1  Percentages of total vari ance due to d i fferent factors ( w i th s ign i f i c ance) : 
Medul l a ti on Index 

Sources o f  
v a r i ati on A 1 23 A 1 2  B 1 2  AB1 AB2 A1 B 1  A2 B2 A3 B3 

( PO S )  
* *  ** ** ** ** ** ** ** ** ** ** 

Pos i t i on 2 7 . 7 2 6 . 4  26 . 0  1 0 . 1 2 5 . 8  29. 5 8 . 6  29 . 8  2 7 . 9  29 . 9  1 9 . 3  

Sex ( S )  0 . 3  0 . 2  0 . 0  0 . 0  0 . 0  0 . 0  1 . 5 0 . 3  0 . 0  1 . 8 �� o n l y  

B i rth rank ( BR )  2 . 3  3 . 1  0 . 0  0 . 0  0 . 1  1 .  5 0 . 0  1 .  6 0 . 0  0 . 7  0 . 0  

* ** * * 
Dam age 0 . 5  0 . 2  0 . 0  2 . 6  0 . 9  1 . 0 0 . 0  0 . 0  0 . 0  0 . 9  2 . 8  

B i rth date ** * ** ** 

Shear i n g  ( SHG)  8 . 9  1 9 . 0  1 3 . 3  

S i re 5 . 8  4 . 6  9 . 7  1 5 .  1 7 . 9  0 . 0  1 8 . 1 7 . 9  1 1 . 4 

* 
SHG x POS 1 . 0 0 . 0  0 . 1 

* *  ** ** 
SHG x S i re 2 . 5  4 . 1  2 . 9  

SHG x S 0 . 4  0 . 0  0 . 0  

SHG x BR 0 . 0  0 . 0  0 . 6  

S i re X S 0 . 0  0 . 0  1 .  2 3 . 9  0 . 0  0 . 0  2 . 5  0 . 0  

** ** ** ** * ** ** ** 
S i re x BR 1 . 5 1 .  8 4 . 9  1 .  2 5 . 7  8. 7 6 . 0  1 .  5 1 5 . 2  

* * 
BR x s 0 . 0  0 . 0  0 . 9  0 . 0  0 . 9  0 . 0  2 . 4  o .  1 

F l oc k  3 2 . 0  21 . 0  

** ** 
Si re/f l o c k  7 . 4  1 1 . 4 

* 
F l oc k  x S 1 .  2 0 . 1  

R e s i d u al 4 9 . 2 40 . 7  40 . 5  46 . 8  40 . 7  4 7 . 8  7 5 . 4  59 . 6  4 3 . 1  57 . 2  5 1 . 1 

Res . mean sq . 2 7 . 08 2 1 . 92 22 . 26 55 . 86 2 7 . 44 22 . 53 7 4 . 46 26 . 66 2 5 . 60 36 . 88 2 1 . 60 

* p<0 . 05 ,  * *  p<0 . 01 
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Sex h ad no effect on  h and l e  i n  both f l ock s .  S i n g l es were 

g e neral l y  h arsher than twi ns , th i s  b i rth rank effect bei ng h i gher  i n  

t h e  fi rst  s heari ng . The r ank i ng of s i ng l es and twi n s  changed acros s  

s h e ar i ngs  as th e shear i ng X b i rth rank i nteract i on w a s  s i gn i fi cant  i n  

F l oc k  A .  

The offspr i ng o f  younger dams had general l y  h arsher woo l than  

t hose of  o l der dams . The effect of age of  d am contr i b uted l i tt l e to  

t h e  tota l  var i ance i n  h and l e .  E ar l i er-born l ambs h ad h arsher wool 

t h an t hose born l ater . Th at trend was s i gn i f i cant  i n  F l oc k  A .  

1 . 4 . 1 . 3  Med u l l at i on i ndex 

Pos i t i on was the ma i n  s o urce of var i at i on i n  medu l l at i on i ndex 

( Tab l e  1 . 4 . 1 1 ) .  There was a genera l  trend for the med u l l at i on i ndex 

to  be h i gher i n  the l ateral  po s i t i ons  and toward s  the  poster i or parts 

of  th e body.  The effect of s hear i ng was remarkab l e  i n  both f l oc k s ;  

however ,  no c l ear trend was i nd i cated . 

Th e between- f loc k  d i fference was al so  an i mport ant factor i n  the 

med u l l a t i on i ndex . F l oc k  A samp l es  h ad much  h i gher med u l l at i on 

i nd i ces  ( 2 9 . 3 )  th an those  of F l oc k  B ( 1 6 . 6 ) .  The among- s i re 

v a r i at i ons were often h i gh i n  both f l ocks . The rank i ng of  s i res 

c h anged among shear i ng s and between b i rth ranks as the i nteract i on s  of 

s i re wi th  both shear i ng and b i rth rank were often s i gn i f i c ant . 

R ams general ly  h ad a h i g h er medu l l at i on i ndex i n  F l oc k  A .  That 

trend was  reversed in  F l oc k  B .  Sex , b i rth rank and  age of dam effects 

contr i bu ted l i tt l e  to the total  var i ance i n  medu l l at i on i ndex . L ate­

b orn  l ambs we re more h i g h l y  medu l l ated than those  born ear l i er .  Th at 

trend was s i gn i f i cant i n  F l oc k  B .  

1 . 4 .  1 . 4 Co l ou r  apprai s a l s and measurements 

Tab l es 1 . 4 . 1 2  to 1 . 4 . 1 7  i nd i cate that pos i t i on was general l y  t h e  

m a j o r  factor control l i ng co l o u r .  T h e  except i on was i n  ana l yses A1 2 3 ,  

A1 2 a n d  B 1 2  where for greasy col o ur  as sessments , s h ear i ng or s hear i ng 

X p os i t i on i nteract i on bec ame the  i mportant sou rces of v ar i at i on as  

t h e  r ank i ng o f  pos i t i on c h anged among shear i ng s .  Occas i ona l l y ,  for 
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Tab l e  1 . 4 . 1 2  P ercentages of total var i ance due to d i fferent factors (wi th s ign i fi canc e ) :  
Greas� Colour Grade 

Sources o f  
vari a t i on A1 23 A 1 2  B 1 2  AB1 AB2 A1 B1  A2 B 2  A 3  B 3  

( PO S )  
** * *  ** ** ** ** * *  ** 

Pos i t i on 0 . 0  2 . 1  2 . 9  4 0 . 7  2 5 . 3  5 5 . 0  32 . 2  28 . 8  26 . 8  2 7 . 6  2 8 . 3 

Sex ( S )  0 . 1  0 . 2  5 . 3  1 .  5 8 . 7  0 . 4  0 . 0  0 . 0  2 7 . 0  0 . 0  � �  only 

B i rth rank ( BR )  0 . 3  0 . 5  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  1 .  2 1 . 3 0 . 0  0 . 0  

** ** * * 
Dam age 0 . 5  0 . 4  0 . 7  1 . 8 0 . 5  0 . 4  3 . 8  0 . 0  0 . 0  1 .  6 0 . 0  

B i rth date * *  * 

Shea r i ng ( SHG ) 42 . 3  24 . 9  0 . 0  

S i re 0 . 0  0 . 0  2 . 9  1 .  7 5 . 8  0 . 0  1 . 6  0 . 7  9 . 8  

** ** ** 
SHG x POS 2 3 . 8  2 9 . 5  2 5 . 5  

** * *  ** 
SHG x S i re 0 . 9  1 . 4 4 . 1  

** 
SHG x S 0 . 0  0 . 0  3 . 9  

SHG x BR 0 . 0  0 . 0  0 . 0  

* 
S i re x S 0 . 0  0 . 0  0 . 1  1 . 7 1 .  2 1 . 5  0 . 8  0 . 0  

** 
S i re x BR 0 . 0  0 . 6  0 . 8  0 . 0  0 . 5  0 . 3  0 . 7  1 .  6 1 1 . 8 

** * 
BR x S 0 . 0  0 . 5  3 . 7  0 . 0  3 . 8  0 . 9  0 . 0  0 . 0  

F l oc k  1 .  1 1 5 . 9  

** ** 
Si re/ f l oc k  5 . 2  2 . 1  

** 
F l oc k  x S 0 . 0  7 . 3  

Residual  3 2 . 1  40 . 0  50 . 3  49 . 8  4 0 . 2  40 . 9  52 . 7  6 7 . 3  4 1 . 9  68 . 6  50 . 2  

Res . mean sq . 0 . 31 0 . 29 0 . 60 0 . 62 0 . 35 0 . 25 0 . 83 0 . 3 1  0 . 3 7  0 . 36 0 . 37 

* p<0 . 05 ,  * *  p<0 . 01 



50 

Table  1 . 4 . 1 3  P ercentages of total vari ance d ue to d i fferent factors (wi th s ign i f i c a nce): 
Scoured Colour Grade 

Sources of 
var i a t i on A1 23 A1 2 B 1 2  AB1 AB2 A1 B 1  A2 B2 A3 B3 

( PO S )  
** ** * ** ** ** ** ** ** ** ** 

Pos i t i on 38 . 0  48 . 0  36 . 0  3 7 . 8  52 . 7  5 0 . 0  34 . 8  58 . 8  44 . 3  29 . 0  68 . 3  

Sex ( S )  0 . 8  0 . 7  0 . 7  0 . 5  3 . 7  0 . 5  0 . 0  0 . 9  1 1 . 4 0 . 0  � � o n l y  

B i rth rank ( BR )  0 . 1 0 . 0  0 . 0  0 . 0  0 . 0  1 .  0 0 . 0  0 . 0  0 . 1  0 . 0  0 . 0  

Dam age 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 3  0 . 3  0 . 0  0 . 3  0 . 0  0 . 0  

B i rth date * * * ** 

Shear i ng (SHG)  2 . 9  5 . 8  0 . 1  

S i re 0 . 2  0 . 1 6 . 4  0 . 0  g . 5  0 . 0  2 . 3  4 . 4  3 . 3  

** * 
SHG x POS 5 . 8  0 . 2  1 . 7 

** * 
SHG x S i re 1 .  5 0 . 8  2 . 2  

** 
SHG x S 0 . 0  0 . 0  2 . 6  

* ** 
SHG x BR 0 . 9  1 .  7 0 . 0  

* * ** ** 
S i re x S 1 . 0 0 . 5  2 . 7  1 .  7 5 . 9  0 . 0  3 . 9  1 .  3 

* * 
S i re x BR 0 . 6  0 . 3  1 .  3 0 . 8  3 . 9  1 . 2 0 . 9  0 . 0  5 . 0  

* 
BR x S 0 . 0  0 . 3  0 . 5  1 . 8  0 . 4  0 . 0  0 . 0  1 . 0 

F l oc k  1 1 . 6  0 . 0  

** ** 
Si re/ f l o c k  9 . 3  3 . 2  

** 
F l oc k  x S 0 . 0  4 . 0  

R e s i du a l  4 8 . 2 4 1 . 7  4 6 . 0  4 0 . 8  36 . 4  44 . 0  4 5 . 2  39. 1  3 6 . 8  64 . 3  23 . 5  

R e s .  mean sq . 0 . 98 0 . 95 1 . 63 1 . 99 0 . 80 1 . 2 3  2 . 25 0 . 59 0 . 88 1 . 04 1 . 41  

* p<0 . 05 ,  ** p<0 . 01 
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Tabl e  1 . 4 . 1 4  Perc entages of total vari ance due to d i fferent factors (wi th s ign i f i c ance): X 

Sources of 
var i at i on A1 23 A1 2 B 1 2  AB1 AB2 A1 B 1  A2 B2 A3 B 3  

( PO S )  
* *  * *  ** ** ** 

4l�8 
* *  ** ** ** ** 

Pos i t i on 4 3 . 1  4 7 . 6  5 0 . 7  42 . 5  54 . 5  5 9 . 6  62 . 4  52 . 7  52 . 2  62 . 2  

Sex ( S )  0 . 5  0 . 7  3 . 9  0 . 7  4 . 6  0 . 4  0 . 2  1 .  3 1 5 . 3  0 . 0  � �  o n l y  

B i rth rank ( BR )  0 . 0  0 . 0  0 . 0  0 . 1  0 . 0  1 . 4  0 . 0  1 . 5  0 . 0  0 . 4  0 . 0  

** ** 3�6 Oam age 1 . 0 1 . 8 0 . 0  0 . 1  0 . 0  0 . 0  0 . 0  0 . 5  0 . 0  0 . 0  

B i rth date * *  * *  * ** ** ** 

Shear i ng (SHG)  7 . 8  7 . 7  0 . 0  

S i re 0 . 8  0 . 0  3 . 5  1 .  7 4 . 9  0 . 0  0 . 0  3 . 1 3 . 0  

** ** 
SHG x POS 5 . 1  0 . 0  6 . 7  

** ** 
SHG x S i re 1 . 3 1 .  5 0 . 9  

* 
SHG x S 0 . 0  0 . 0  1 .  1 

** ** 
SHG x BR 1 . 6 2 . 7  0 . 0  

** * 
S i re x S 0 . 2  0 . 1  0 . 7  0 . 0  2 . 9  0 . 3  2 . 3  1 .  2 

* *  ** * ** ** ** 
S i re x BR 1 .  6 2 . 5  0 . 0  2 . 1  0 . 5  3 . 1  4 . 4  0 . 1  8 . 1 

BR x S 0 . 0  0 . 4  0 . 3  0 . 6  0 . 8  0 . 0  0 . 0  0 . 2  

F l oc k  27 . 3  1 2 . 8  

* *  ** 
S i re/ f l o c k  3 . 8  1 .  6 -

* 
F l oc k  x S 0 . 0  3 . 6  

Res i du a l  3 7 . 0  35 . 1  32 . 2  2 5 . 5  2 3 . 0  42 . 5  31 . 0  3 1 . 5  24 . 8  4 2 . 9  2 6 . 8  

R e s . mean s q .  3 . 32 3 . 74 6 . 37 7 . 88 2 . 76 4 . 7 1 9 . 09 2 . 68 2 . 84 2 . 34 3 . 7 8 

* p<0 . 05 ,  ** p<0 . 01 
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Tab l e  1 . 4 . 1 5  Percentages of total v a r i ance due to d i fferent f actors (wi th s ign i f i cance): y 

Sources of 
var i at i on A1 23 A1 2 8 1 2 AB1 AB2 A1 B 1  A2 B2 A3 B3 

( PO S )  
** ** * ** ** ** * *  ** ** ** ** 

Pos i t i on 4 1 . 4  4 4 . 5 49 . 0  4 3 . 1  49 . 5  46 . 2  5 9 . 8  54 . 2  50. 4  53 . 4  62 . 0  

Sex ( S )  0 . 3  0 . 4  3 . 7  0 . 6  3 . 7  0 . 0  0 . 2  0 . 8  1 4 . 7 0 . 0  � �  o n l y  

B i rth r ank ( BR )  0 . 0  0 . 0  0 . 1 0 . 1  0 . 0  1 . 7 0 . 0  0 . 7  0 . 0  0 . 3  0 . 0  

** ** ** 
Dam age 1 . 3 2 . 3  0 . 0  0 . 1  0 . 0  4 . 4  0 . 0  o .  1 0 . 1  0 . 0  0 . 0  

B i rth date * ** * ** ** ** 

Shear i n g  (SHG) 5 . 2  4 . 7  0 . 2  

S i re 0 . 2  0 . 0  3 . 1  1 .  5 4 . 7  0 . 0  0 . 0  3 . 0  2 . 7  

** ** 
SHG x POS 4 . 9  0 . 0  7 . 9  

** * *  * 
SHG x S i re 1 . 7 1 . 8 1 .  2 

* 
SHG x S 0 . 0  0 . 0  1 . 0 

** ** 
SHG x BR 1 .  5 2 . 4  0 . 0  

** * 
Si re x S 0 . 2  0 . 0  0 . 5  0 . 0  3 . 0  0 . 0  1 . 8  1 . 4  

** * *  * ** ** ** 
S i re x BR 2 . 0  3 . 1  0 . 0  2 . 6  0 . 7  3 . 3  4 . 1  0 . 0  8 . 1  

BR x s o .  1 0 . 6  0 . 2  0 . 7  0 . 7  0 . 0  0 . 0  0 . 0  

F l oc k  2 6 . 1  1 2 . 6  

** ** 
Si re/ f l oc k  3 . 7  1 . 4 

** 
F l oc k  x S 0 . 0  3 . 8  

Res i du a l  4 1 . 2  40. 3 33 . 2  26 . 3  29. 1 4 2 . 9  30. 9  4 1 . 0  2 9 . 0  4 1 . 8  2 7 . 1 

Res . mean sq . 4 . 06 4 . 79 7 . 32 9 . 04 3 . 78 5 . 57 1 0 . 2 3 . 90 3 . 56 2 . 4 3  4 . 08 

* p<0 . 05 ,  * *  p<0 . 01 
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Tab l e  1 . 4 . 1 6  Percentages of total vari ance d ue to d i fferent f ac tors (wi th s ign i fi cance ) :  z 

Sources of 
var i at i on A1 23 A1 2 B 1 2  AB1 AB2 A1 B 1  A2 B2 A3 B3 

( PO S )  
* *  * *  * ** ** ** ** ** ** ** ** 

Pos i t i o n  4 3 . 3  4 9 . 0  37 . 4  3 2 . 8  4 8 . 9  5 0 . 6  4 1 . 2  61 . 5  43 . 9  47 . 0  63 . 4  

Sex ( S )  0 . 0  0 . 1  4 . 4  0 . 7  2 . 7  0. 1 1 . 2 0 . 0  1 8 . 3  0 . 0  � �  only 

B i rth rank  ( BR )  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 5  0 . 0  0 . 1 0 . 0  0 . 0  0 . 0  

* * * 
Dam age 0 . 4  0 . 8  0 . 0  0 . 3  0 . 0  1 .  1 0 . 0  0 . 0  0 . 4  0 . 0  0 . 0  

B i rth d a te * ** ** ** ** 

Shear i ng ( SHG ) 6 . 6  5 . 9  4 . 2  

S i re 0 . 5  0 . 8  5 . 3  0 . 9  9 . 4  0 . 0  0 . 5  1 .  7 1 .  7 

** ** 
SHG x POS 4 . 7  0 . 0  3 . 7  

** ** 
SHG x S i re 1 .  2 0 . 5  3 . 1  

* 
SHG X s 0 . 1  0 . 0  1 .  1 

* * 
SHG x BR 0 . 7  1 . 3 0 . 0  

* ** ** 
S i re x S 0 . 5 0 . 0  1 . 2 0 . 2  4 . 6  0 . 6  3 . 1  1 .  3 

** ** * ** ** ** 
S i re x BR 1 . 6  2 . 3  0 . 3  1 . 8 0 . 8  3 . 3  4 . 8  0 . 3  9 . 9  

* 
BR X S 0 . 0  o . g  0 . 7  0 . 9  0 . 2  0 . 5  0 . 0  1 . 0 

F l oc k 30 . 6  1 1 . 2 

** ** 
Si  re/f l o c k  6 . 4  2 . 5  

** 
F l ock x S 0 . 3  7 . 2  

Res i du a l  4 0 . 5  38. 3 38. 6 28. 8 2 7 . 5 4 4 . 0  42 . 5  34. 1  29. 1 48 . 7  2 5 . 1 

Res . mean sq . 7 . 47 8 . 1 3  1 5 . 9 4  1 9 . 1 8  6 . 30 1 0 . 68 2 3 . 86 5 . 32 6 . 49 5 . g7 9 . 89 

* p<0 . 05 ,  ** p<0 . 01 
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Tab l e  1 . 4 .  1 7  Percentages of total v ar i ance d ue to d i fferent factors (wi th s ign i f i c ance): Y-Z 

Sources of 
v a r i ation A123 A1 2 B 1 2 AB1 AB2 A1 B1 A2 B 2  A3 B 3  

( PO S )  
** ** ** ** ** ** * ** ** ** ** 

P o s i t i on 24 . 0  28 . 4  9 . 2  8 . 2  2 2 . 3  34 . 9  2 . 2  24 . 9  1 8 . 9  23 . 2  5 1 . 3  

Sex ( S )  0 . 0  0 . 0  3 . 2  0 . 5  0 . 0  0 . 0  2 . 3  0 . 0  1 4 . 7  1 .  7 �� o n l y  

B i rth rank ( BR )  0. 1 
* 

0 . 0  0 . 0  0 . 5  0 . 0  0 . 0  1 .  6 0 . 0  0 . 0  0 . 0  0 . 0  

Dam age 0 . 0  0 . 1  0 . 0  0 . 6  0 . 0  O . B  0 . 7  0 . 0  0 . 4  0 . 0  0 . 0  

B i rth date * * 

Shear i ng ( SH G )  4 . 3  3 . 5  1 1 . 4  

S i re 1 .  0 1 . 7  7 . 4  0 . 0  1 2 . 7  1 .  7 1 .  7 2 . 8  4 . 2  

** 
SHG x POS 2 . 6  0 . 0  0 . 0  

** 
SHG x S i re 0 . 8  0 . 0  3 . 4  

SHG X s 0 . 6  0 . 0  0 . 7  

SHG x BR 0 . 0  0 . 0  1 . 0 

* ** ** * * 
S i re x S 1 . 0  1 .  1 3 . 9  6 . 2  6 . 3  0 . 0  5 . 0  0 . 5  

* * * * ** 
S i re x BR 1 . 0 1 . 3  2 . 6  2 . 6  1 . 5 0 . 1  4 . 3  1 . 3 1 4 . 3  

* 
BR x S 0 . 0  0 . 6  1 .  5 0 . 4  0 . 0  0 . 2  1 . 8 2 . 4  

F l oc k 25 . 5  1 .  6 

** ** 
S i  re/f l ock 1 0 . 1 2 . 8  

** 
F l oc k  x S 1 . 0  1 0 . 0  

Res i du a l  6 4 . 6  63 . 3  5 5 . 8  53 . 7  63 . 3  55 . 1  72 . 6  7 3 . 2  5 3 . 2  68. 1 30 . 2  

Res . mean sq . 1 . 85 2 . 04 3 . 1 0 4 . 80 2 . 07 1 . 82 6 . 25 2 . 1 7  1 . 56 1 . 44 2 . 22 

* p<O . OS , * *  p<0 . 0 1  
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Y-Z v a l u e ,  s hear i ng ( B 1 2 ) , f l oc k  ( AB 1 ) and  s i re ( B1 ) a ppeared to be  

i mportant  sources  of var i at i on s .  

Overa l l ,  l ateral  

measured sco ured col our .  

pos i t i ons  ranked better for  a s sessed and 

Th at was i n  p ara l l e l wi th h i gher med u l l at i on 

i nd i ces o n  l ateral  sampl es . I n  scoured co l ou r ,  the back p os i t i on was 

genera l l y  poor i n  a l l asses sments and meas urements wh i l e the  mi d - s i de 

s amp l e  was general ly  wh i ter th a n  oth er l ateral pos i t i on s . The 

shear i ng X pos i t i on i nteract i on control l ed a l arge proport i on of th e 

vari ance i n  greasy co l o ur but not for oth er cr i teri a of co l o u r .  At 

l ater shear i ng s ,  greasy woo l tended to be wh i ter i n  dor s a l  pos i t i ons  

and  ye l l ower i n  l ateral  ones . 

There were co n s i derab l e  shear i ng d i fferenc es i n  greasy co l o ur i n  

F l oc k  A compared wi th F l ock  B .  I n  the  f i rst  shear i ng ( AB1 ) ,  between­

f l ock  d i f ferences were l ower for greasy col o ur grade wh i l e contr i buted 

h i gher percentag e s  to the total  var i ance i n  assessed and  me asured 

s coured co l ou r  compared wi th the second sheari ng (AB2 ) .  I n  general , 

F l ock  A h �  wh i ter greasy and scoured woo l  th an F l ock  B .  Wh i ter 

co l o ur and  h i g her refl ect ances ( X ,  Y and Z )  i n  F l oc k  A may be  a res u l t 

of gen et i c  d i fferences , 

l eve l s of  medu l l at i on 

perhaps as s oc i ated wi th con s i derab l y  h i gher 

i n  th i s  f l ock , or th at th e e n v i ronmenta l  

cond i t i on s  d i d  not favour  the dev e l opment of d i sco l o urat i on i n  the 

per i od pr i or t o  s hear i ng .  

Sex d i fferences were u s u a l l y  smal l wh i l e showi ng h i gher  propor­

t i on s  to t h e  t otal  v ar i ance i n  col o u r  i n  B2 . F l oc k  X sex i n teract i on 

was  s i gn i f i cant  i n  the second shear i ng wh i l e s h ear i ng X sex i nter­

act i on was s i gn i f i cant  i n  F l oc k  B .  Th i s  i s  probab ly  due to  t h e  sexes 

b e i ng gr azed separ ate l y  and comi ng  under d i fferent env i ronmenta l  

i nfl uences . 

B i rth rank h ad no  effect on co l o ur i n  both f l ocks . Age of dam 

was s i gn i f i cant  at t i mes , b ut  the s i ze of the  effects was smal l and 

the d i rect i on was i nco n s i stent wi th no  c l ear p attern . L ate-born  l amb s 

h ad s i gn i f i cant l y better assessed and meas ured scoured co l o ur at the  

f i rst s hear i ng .  
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The s i re wi th i n- f l ock  d i fference was  s i gn i f i cant  in  both f l oc k s .  

The among -s i re var i ance was occas i onal l y  h i gh .  When  f l ocks  were 

ana l ysed separate ly  the presence of  s i re X sex and s i re X b i rth r ank 

i nteract i on s  often l i m i ted the  s i re mai n effects for g reasy and 

scoured co l o u r .  The reason for these i nteract i ons  i s  not c l ear . 

1 . 4 . 1 . 5  Stap l e  l ength 

There were s ubstant i a l f l oc k  d i fferences i n  stap l e l ength . The 

var i ance component was much l arger i n  AB2 than AB1 ( Tab l e  1 . 4 . 1 8 ) . I n  

F l oc k  A ,  the among -sheari ng effect was the ma i n  source of vari at i on .  

The n umber of days growth represented by the f l eeces d i ffered between 

farms and among shear i ng s .  Th i s ,  together wi th var i at i on i n  growth 

rate d ue  to s eason and n u tr i t i o n ,  i s  probab l y  the cau s e .  

Po s i t i on was a l so s i gn i f i c ant over  the three sheari ng s .  I n  F l ock  

B ,  s t ap l es tended to be l o nger on l ateral  pos i t i on s .  A s i mi l ar trend 

was found at the s econd and th i rd s he ar i ngs  i n  F l ock A. Shear i ng X 

pos i t i on i nter act i on was s i gn i f i cant i n  both f l ocks . 

Th e s i re wi th i n-f lock  var i at i on  was s i gn i f i cant i n  the  f i rst  and 

s econd s hear i ng s  ( AB1 and AB2 ) . The among - s i re var i at i ons  were l arger 

i n  F l oc k  B and at l ater f l eeces . The rank i ng of s i res changed across 

shear i ng s  as s hear i ng X s i re i nteract i on appeared to be s i gn i f i cant i n  

both f l ocks . 

Sex had l i ttl e effect on s t ap l e l ength . The few s i gn i f i c ant sex 

and s he ari ng X sex effect s  m i g ht be due  to d i fferent management and 

d i fferent s hear i ng t i mes for r ams and ewes after the f i rst  s hear i ng .  

The r ank i ng o f  s i re s  was i nco n s i stent across  sexes i n  both f l oc k s .  

A s  cou l d be  expected , the  contr i bu t i on of b i rth rank to the  tot a l  

v ar i anc e was l arger i n  t h e  f i r st  th an  i n  t h e  l ater f l eece s .  S i ng l es 

general l y  h ad l onger stap l es  i n  the  f i rst  shear i ng and s horter stap l es 

i n  the  s econd and th i rd shear i ng s .  Th ere was a s i gn i f i cant  shear i ng X 

b i rth r an k  effect i n  both f l oc k s . A l so ,  s i re X b i rth rank  i nteract i on 

appeared to be often s i gn i f i cant . There was a trend for s i ng l e  rams 

and twi n ewes to h ave  l o nger s t ap l e s  as i nd i c ated by the  s i gn i f i cant  

b i rth rank  X s ex i n teract i on ( 8 1 2 ,  B 1 , B2 , A2 ) . 
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Tab l e  1 . 4 . 1 8  Percentages of total vari ance d ue to d i fferent factors (wi th s ign i f i cance): 

Staple Length 

Sources of 
var i a t i on A1 23 A 1 2  B 1 2  A B 1  AB2 A1 B 1  A2 B 2  A 3  B 3  

P os i t i on ( PO S )  
* *  ** ** ** ** ** ** ** 

3 . 4  5 . 2  6 . 8  3 . 3  5 . 3  1 3 . 0  8 . 0  9 . 7  20 . 4  2 1 . 3  2 2 . 8  

S e x  ( S )  0 . 0  0 . 0  0 . 0  0 . 0  0 . 9  0 . 0  
* 

0 . 0  0 . 0  0 . 0  4 . 5  � �  on l y  

B i rth rank ( BR )  
** 

0 . 0  0 . 0  0 . 0  8 . 2  0 . 1  
* 

8 . 9  6 . 1  0 . 0  0 . 0  3 . 5  1 . 4 

** ** ** ** ** 
D am age 0 . 0  2 . 1 0 . 1  9 . 5  3 . 7  1 0 . 2  0 . 2  0 . 7  0 . 0  7 . 7  0 . 0  

B i rth date * ** ** ** ** ** 

Shear i ng ( SH G )  40 . 3  29 . 3  5 . 4  

S i re 0. 0 0 . 0  1 . 7  0 . 0  2 . 0  0 . 0  5 . 2  1 0 . 1 1 2 . 0  

** ** ** 
SHG x POS 5 . 3  2 . 1  7 . 8  

** ** ** 
SHG X S i re 6 . 0  3 . 6  2 . 8  

** 
SHG X s 2 . 0  0 . 2  0 . 6  

** ** ** 
SHG x B R  4 . 3  5 . 1  5 . 2  

** ** ** ** ** ** * 
S i re x S 2 . 1  4 . 3  9 . 0  7 . 1 20 . 1  7 . 4  4 . 8  1 .  1 

** ** ** ** ** ** ** 
S i re x BR 2 . 3  6 . 7  4 . 3  6 . 5  0 . 1  1 4 . 0  1 1 . 4 0 . 8  20. 2 

** * * * 
BR X s 0 . 1  0 . 5  3 . 5  0 . 0  2 . 5  3 . 0  3 . 3  0 . 0  

** 
F l ock 1 5 . 8  6 3. 5  

** ** 
S i re/f l o c k  5 . 1  3 . 3  

F l oc k  x S 1 . 0  0 . 0  

Res i du a l  34 . 3  41 . 0  52 . 9  55 . 0  23 . 3  54 . 2  50 . B  6 5 . 2  54 . 9  5 1 . 0  43 . 5  

Res . mean sq . 3 . 09 2 . 50 2 . B5 2 . 70 3 . 41 2 . 30 2 . 1 4  2 . 35 3 . 39 3 . 52 3 . 35 

* p<0 . 05 ,  ** p<0 . 0 1  
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Th� off s pr i ng  of o l der dams genera l l y  h ad l onger sta p l es  i n  the  

f i rst  and second shear i ng s  but the  trend  was  reversed i n  the  th i rd 

s hear i ng .  T he  age of dam effect was occas i ona l l y  s i gn i f i cant , the  

var i ance component  be i ng l arger i n  F l oc k  A and  smal l er i n  l ater 

f l eeces . 

Date of b i rth was s i gn i f i cant i n  both f l oc k s ; l ambs born  ear l i er 

i n  the  season general l y  h ad l o nger stap l es at f i rst  shear i ng .  I n  A3 , 

i t  was fou nd th at the  s i re whose progeny were born l ate i n  t h e  season  

h ad l onger s t ap l es .  When offs pri ng of th at s i re were omi tted from the  

an a l ys i s  and  when  s i re was f i tted e ar l i er b i rth date was  non­

s i gn i f i cant wh i l e the  s i re effect was  h i gh l y  s i gn i f i cant . 

1 . 4 . 1 . 6 Y i e l d 

Pos i t i on was genera l l y  the  ma i n  source of var i at i on i n  y i e l d 

( Tab l e  1 . 4 . 1 9 ) . Dorsa l  pos i t i ons  h ad h i g her y i e l d  th an l atera l s i n  

both f l ocks . H i g h er d i sco l o urat i on found i n  greasy s amp l es m i g ht be  

as soc i ated wi th  poor y i e l d  i n  the  poster i or p arts of  the  body . No 

co n s i stent dorso- l atera l  trend was found for greasy d i sco l o urat i on .  

The rank i ng o f  pos i t i ons ch anged among shear i ngs  as the s hear i ng X 

pos i t i on i nteract i on was found to be s i gn i f i can t ;  however t h e  s i ze of 

the effect was smal l .  

There were cons i derab l e  f l ock  d i fferences i n  y i e l d ,  the  v a r i ance 

component b e i ng  l arge at the  f i rst s hear i ng (AB1 ) .  The s i re wi th i n­

f l oc k  d i fference was s i gn i f i cant and th e var i ance component was  h i gher  

i n  the  second s hear i ng ( AB2 ) .  The  among-s i re var i at i on s  i nc reased i n  

the  th i rd shear i ng .  The r ank i ng of s i res changed across s hear i ng s  as 

the  s hear i ng X s i re i n teract i on was found to be s i gn i f i cant  wi th smal l 

v a r i ance compone nt s .  

F l oc k  A d a t a  s howed th at twi ns h ad h i g her y i e l d  than s i ng l es ,  t he  

b i rth rank var i ance  component bei ng l arger i n  F l oc k  A whereas s i re X 

b i rth rank i nteract i on was s i gn i f i cant i n  F l ock  B wi th a l arger 

v a r i ance component .  The reason  for s uc h  a trend i s  not c l e ar .  

Age of dam effect s ,  a l thoug h  s i gn i f i cant  at t i mes , were smal l i n  

magn i tude . D ate of b i rth was occas i on a l l y  s i gn i f i cant as l ate- born 
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Tab l e  1 .  4 . 1 9  P ercentages of tota l  vari ance due to d i fferent factors ! wi th s ign i f i c ance ) : Yield 

Sources of 
vari at i on A1 2 3  A1 2 B 1 2  AB1 AB2 A1 B1 A2 B2 A.3 B 3  

( PO S )  
** ** * ** ** ** ** ** ** ** ** 

Pos i t i on 2 5 . 0  2 0 . 0  1 8 . 5  1 8. 1  2 3 . 0  1 9 . 9  1 6 . 2  30 . 2  2 5 . 0  39. 5 6 7 . 5  

Sex ( S )  0 . 5  0 . 0  0 . 8  0 . 0  0 . 0  0 . 0  0 . 0  0 . 3  1 .  2 7 . 7  � � on l y  

B i rth r ank ( BR )  6 . 1  7 . 0  0 . 0  0 . 5  0 . 6  6 . 6  0 . 0  7 . 0  0 . 0  3 . 6  0 . 0  

** ** ** 
Dam age 1 .  3 1 .  7 0 . 8  0 . 9  0 . 0  0 . 6  1 .  5 2 . 8  0 . 0  0 . 4  0 . 7  

B i rth d a te * * *  ** * 

Shear i ng ( SH G ) 0 . 3  4 . 5  0 . 0  

S i re 0 . 0  0 . 0  0 . 0  0 . 3  0 . 0  1 . 4  0 . 0  3 . 8  4 . 0  

** ** * 
SHG x POS 4 . 4  2 . 3  1 . 8 

** * ** 
SHG x S i re 2 . 7  1 . 4 4 . 3  

** 
SHG x S 1 .  9 0 . 0  0 . 0  

SHG x BR 0 . 0  0 . 0  0 . 0  

* * 
S i re x S 0 . 9  0 . 6  0 . 7  0 . 3  0 . 0  0 . 4  0 . 9  1 .  9 

** * ** ** 
S i re x BR 0 . 8  0 . 6 6 . 0  0 . 0  6 . 4  1 .  7 9 . 1  0 . 2  7 . 6  

B R  X S 0 . 0  0 . 7  0 . 0  1 . 4  0 . 0  0 . 0  0 . 0  0 . 3  

** 
F l ock 20 . 5  8 . 7  

** 
S i re/fl o c k  0 . 4  4 . 1  

* 
F l oc k x S 0 . 5  1 .  5 

Residual  5 6 . 3  6 1 . 3  67 . 2  59 . 1  62 . 0  71 . 1 75 . 9  56 . 2  63 . 9  42 . 6  2 0 . 2 

Res . mean sq . 2 4 . 3  2 5 . 9  2 6 . 5  28 . 3 7 24 . 25 28. 1 9  32 . 76 2 1 . 73 20. 57 20 . 74 1 0 . 20 

* p<0 . 0 5 ,  ** p<0 . 01 
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l ambs h ad h i g her  yi e l d  than tho se born ear l i er .  

1 . 4 . 1 . 7  B u l k and res i l i ence 

F l oc k  A s amp l es had h i gher bu l k  ( 22 . 0  vs 20 . 5 7 )  and re s i l i ence 

( 7 . 68 v s  7 . 50 )  than F l ock  B samp l e s .  Between- f l ock  d i fference s  were 

the major s ou rce  of v a r i ati on at the f i rst s heari ng ( AB 1 ) part i cu l a r l y  

f o r  bu l k  ( Tab l es 1 . 4 . 20 and 1 . 4 . 2 1 ) . 

Pos i t i on h ad a s i gn i f i cant effect i n  both f l ocks . I n  F l oc k  B ,  

b u l k and res i l i ence genera l ly tended t o  be h i g her dorsa l l y  and toward s 

the  poster i or parts of th e body.  Shear i ng X pos i t i on i nteract i on 

occu rred i n  both f l oc k s .  I n  F l oc k  A ,  bu l k  and re s i l i ence tended to 

decrease on  s houl der and br i tc h  pos i t ions  at l ater shear i ng s  wh i l e 

i ncreas i ng on the  back . 

Due to  the  progeny of one s i re be i ng born l ate i n  the season , 

there i s  a confound i ng of s i re and b i rth-date effects . When offspr i ng 

of  th i s  s i re were omi tted from the  d ata  and when s i re was f i tted 

before b i rth  date the regres s i on on b i rth date 

wh i l e  the s i re effect was h i g h l y  s i gn i f i cant . 

i nformat i on from oth er  breeds  ( B i g ham et a l . ,  

was non-s i gn i f i cant  

Th i s  togeth er  wi th 

1 985 ) i nd i cates  th at 

genet i c  effects i nher i ted from the  s i re are i mportant . 

H i g h l y  s i gn i f i cant  s i re w i th i n - f l oc k  v ar i at i on accounted for 

h i g her percentages to the total var i ance i n  the second shear i ng  ( AB2 ) 

and for bu l k  th an r e s i l i ence .  Among-s i re v ar i at i on was a l most  

neg l i g i b l e  i n  F l ock  B .  The  rank i ng of s i res  was  not  con s i stent  ac ross  

s hear i ngs  as  the  i nteract i on of s he ar i ng X s i re was  s i gn i f i c ant  i n  

F l oc k  A .  

Sex h ad l i tt l e  effect o n  bu l k  and res i l i ence . S i re X s ex 

i nteract i on was  s i gn i f i c ant at t i mes  for bu l k .  Sex mi g ht be confounded 

w i th some env i ronmenta l  factors after the f i rst  shear i ng when  ewes and 

r ams were s eparated . 

I n  F l oc k  A ,  s i ng l es general l y  h ad h i gher  bu l k and res i l i ence . I t  

i s  s urpr i s i ng that s i re X b i rth rank i nteract i on was s i gn i f i c ant  i n  

both f l oc k s , the var i ance component be i ng l arger i n  F l oc k  B .  Th i s  
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Tab l e  1 . 4 . 20 Percentages of tot a l  vari ance d ue to d i fferent factors (wi th s ign i f i c ance ) :  Bulk 

Sources of 
v ar i at i on A1 23 A 1 2  8 1 2  A81 A82 A1 81 A2 82 A3 B3 

( PO S )  
* ** * ** ** ** ** ** ** ** ** 

P os i t i on 1 2 . 7  2 1 . 2  2 4 . 0  6 . 3  1 9 . 8  22 . 4  4 . 9  2 3 . 1  1 7 . 2  2 7 . 4  1 6 . 0  

Sex ( S )  0 . 0  0 . 0  0 . 0  0 . 0  1 . 5 0 . 0  0 . 0  1 .  8 0 . 0  0 . 0  � �  only 

(BR)  
** 

B i rth rank 2 . 7  2 . 5  0 . 0  0 . 0  1 . 7 0 . 5  0 . 0  4 . 6  0 . 0  2 . 9  0 . 0  

* 
D am age 0 . 0  0 . 6  0 . 0  2 . 1  0 . 0  0 . 6  0 . 2  0 . 0  0 . 0  0 . 3  2 . 0 

B i rth date ** ** ** * 

S hear i ng ( SH G )  0 . 0  0 . 0  0 . 6  

S i re 1 1 .  1 9 . 1  0 . 0  8 . 7  0 . 0  1 9 . 2  0 . 0  1 5 . 8  0 . 9  

** ** * 
SHG x POS 1 2 . 6  2 . 6  2 . 7  

** ** 
SHG x S i re 3 . 9  4 . 9  0 . 3  

SHG x S 0 . 2  0 . 4  0 . 0  

SHG x BR 0 . 0  0 . 1  0 . 3  

** * * * 
S i re x S 0 . 4  0 . 2  4 . 6  2 . 7  4 . 6  0 . 0  3 . 8  1 . 5 

** ** ** ** ** * * *  
S i re x BR 3 . 0  3 . 7  1 3 . 4  8 . 3  3 . 4  0 . 5  2 1 .  1 2 . 6  40 . 9  

B R  x S 0 . 2  0 . 0  0 . 4  0 . 0  2 . 5  0 . 0  1 .  2 0 . 1  

** 
F l ock 9. 1 4 . 7  

* ** 
S i re/flock 1 . 8  1 1 . 3 

F l ock x S 0 . 0  0 . 0  

R es i du a l  5 3 . 3  57 . 7  5 3 . 6  80 . 7  61 . 0  56 . 9  84 . 5  5 0 . 8  56 . 8  4 9 . 5  4 0 . 2  

R e s .  mean sq.  2 . 57 2 . 42 2 . 74 1 5 . 5  2 . go 2 . 60 23 . 90 2 . 30 2 . 7 1 2 . 81 2 . 36 

* p<0 . 05 ,  * *  p<0 . 01 
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Tab l e  1 . 4 . 2 1  Percenta9es of tota l  vari ance due to d i fferent factors ( w i th s i9n i f i c ance): Resi lience 

Sources of 
v ar i at i on A1 23 A1 2 B 1 2  AB1 AB2 A1 B1 A2 B2 A3 B3 

(PO S )  
* *  * *  ** * ** ** ** ** 

P os i t i on 0 . 8  1 . 5 1 1 . 9 2 . 5  8 . 0  9 . 0  3 . 2  3 . 8  9 . 1 1 3 . 8  7. 7 

Sex ( S )  0 . 0  0 . 3  1 .  3 0 . 0  0 . 2  0 . 0  0 . 0  0 . 4  1 . 0 0 . 0  �� only 

(BR ) 
* 

B i rth rank 2 . 8  2 . 2  0 . 0  0 . 0  1 .  4 0 . 3  0 . 0  6 . 4  0 . 0  3 . 7  0 . 0  

* *  * * * 
D am age 0 . 0  0 . 0  0 . 0  3 . 8  0 . 0  2 . 8  0 . 8  0 . 1  0 . 0  1 . 8  3 . 1  

B i rth date * *  ** ** ** ** * ** ** 

Shear i ng (SHG)  3 . 0  0 . 0  2 . 5  

S i re 9 . 5  7 . 9  0 . 0  2 . 8  0 . 0  1 5 . 2  0 . 0  1 4 . 9  2 . 8  

** ** * 
SHG x POS 8 . 6  5 . 0  2 . 5  

* 
SHG x S i re 1 . 4 1 .  1 0 . 0  

SHG x s 0 . 0  0 . 0  0 . 0  

S H G  x BR 0 . 3  0 . 5  0 . 8  

S i re x s 0 . 0  0 . 0  1 . 3  1 .  5 3 . g  0 . 0  0 . 4  0 . 6  

** * ** ** ** ** 
S i re x BR 2 . 4  2 . 7  9 . 7  5 . 8 3 . B  0 . 0  1 g . 8  2 . 3  34 . 4  

* 
BR x s 0 . 3  0 . 0  0 . 0  0 . 0  3 . 3  0 . 0  0 . 0  0 . 7  

F l ock  7 . 4  0 . 4  

** 
S i re / f l o c k  o .  1 8 . 5  

F l oc k  x S 0 . 0  0 . 2  

Res i d u a l  7 0 . 9  78 . B  69 . g  86 . 2  81 . 3  77 . 7  85 . 0  7 4 . 1 6 9 . 8  62 . 2  51 . 8  

Res . mean s q .  0 .  7 5  0 . 7 1  0 . 65 2 . 27 0 . 63 0 . 76 3 . 1 6  0 . 63 0 . 60 0 . 82 0 . 66 

* p<0 . 05 ,  ** p<0 . 01 
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i nteract i on was  the ma i n so urce of v ar i at i on i n  B2 and B3 and control ­

l ed 40 . 9% of the tota l  bu l k  var i anc e i n  B3  ewes . Rank i ng of s i res was  

not con s i stent  for s i ng l e  and twi n offs pr i ng ;  wh i l e s i ng l e  progeny of  

s i re 9 h ad h i gher b u l k ( 1 . 93 v s  - 1 . 55 ) ,  s i ng l e  progeny of s i re 6 h ad 

l ower bu l k ( -0 . 1 4  v s  1 . 3 1 ) .  For a l l tra i ts s t ud i ed i t  was  found th at 

s i re X b i rth rank i nteract i on was s i gn i f i c ant and contr i bu ted 

re l at i vel y h i g her percent ages to the tota l  var i ance i n  several  mode l s , 

p arti cu l ar l y  i n  B3 ewes . I n  the l atter mode l ,  s i re X b i rth rank  

i nteract i on tended to be  a l ways s i gn i f i cant  and control l ed 5% - 4 1 %  o f  

the  tota l  v ar i ance i n  a l l tra i ts stud i ed .  N o  exp l anat i on h a s  been 

found for s uc h  a trend . These i nteract i ons  w i th genotype cou l d be a 

major d i ff i cu l ty i n  s e l ecti ng for b u l k ( or oth er tr a i ts ) i f  they occur  

common l y  i n  l arger sets of data .  

1 . 4 . 1 . 8 L u stre grade 

Pos i t i on was the  ma i n  source of v a r i at i on i n  both f l ocks  ( Tab l e  

1 . 4 . 22 ) .  General ly ,  i n  F l oc k  B more l u stre was seen on l ateral  

p os i t i ons  and on the anter i or p arts of the  body. F l ock  A s howed a 

s i mi l ar trend i n  the s econd and th i rd s h e ar i ng s . There were con s i der­

a b l e  d i fferences among shear i ng s  i n  l ustre , and the s hear i ng X 

p os i t i on i nteract i on was s i gn i f i cant i n  both f l oc k s .  I n  F l oc k  A ,  the  

S H ,  MS  and  WH  pos i t i on s  h ad h i gher l u stre throug hout  the three 

s hear i ngs whereas SH and MS pos i t i on s  s howed a s i mi l ar trend i n  F l oc k  

B .  

The s i re wi th i n-f l ock  var i at i on s  were s i gn i f i cant i n  the f i rst  

and  second shear i ng s .  The  magn i tude of  the among-s i re d i fferences  

c h anged among shear i ng s .  Sex  and b i rth r ank h ad very l i tt l e effect on  

l u stre.  Age  of dam was s i gn i f i cant in  F l ock A where the offs pr i ng of  

o l der dams h ad more l u s trous wool th an those of yo unger dams . 

1 . 4 . 1 . 9 Greasy and c l ean woo l per un i t  area 

Tab l es 1 . 4 . 23 and 1 . 4 . 24 i nd i cate that  f l oc k  and s hear i ng effect s  

were major sources o f  v ar i at i on ref l ect i ng d i fferences i n  t h e  d u r at i on 

o f  the per i od of wool growth as we l l  as  the  env i ronment d u r i ng th at 

p er i od .  Pos i t i on effect was a l so an i mportant source of var i at i on i n  

both f l ocks  w i th more wool prod uced on the back pos i t i o n .  The rank i ng 
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Tab l e  1 . 4 . 22 Percentages of total  vari ance due to d i fferent factors (with s ign i f i c ance ) :  

Lustre Grade 

Sources of 
v a r i ati on A1 23 A12  B 1 2  AB1 AB2 A1 B1  A2 B2 A3 B3 

( PO S )  
* *  * ** ** ** ** ** ** ** ** 

Pos i t i on 9 . 1 4 . 8  27 . 4  3 5 . 0  30. 5  1 0 . 9  45 . 5  1 2 . 9  3 7 . 4  1 5 . 5  40 . 7  

Sex ( S )  0 . 0  0 . 0  0 . 0  0 . 3  0 . 0  0 . 5  0 . 0  3 . 6  0 . 0  1 .  1 �� o n l y  

B i rth rank ( B R )  0 . 1 0 . 1  0 . 0  0 . 0  0 . 1  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  

* *  ** * ** ** * 
Dam age 4 . 3  5 . 0  0 . 0  0 . 0  1 . 7  4 . 1 0 . 0  4 . 7 0 . 0  2 . 4  0 . 4  

B i r t h  date * *  * * * 

Shear i ng ( SH G )  8 . 3  1 5 . B  22 . 5  

S i re 3 . 2  0 . 5  0 . 0  2 . 3  2 . 1  1 .  1 2 . 1  9 . 4  0 . 0  

* *  * *  * *  
SHG x POS 3 . 3  4 . 2  2 . 8  

** 
SHG X S i re 0 . 8  0 . 2  2 . 4  

** * *  
SHG x S 2 . 3 3 . 4  0 . 0  

SHG x BR 0 . 0  0 . 0  0 . 0  

* * * 
S i re x S 1 .  3 2 . 1  0 . 2  0 . 6  2 . 6  1 . 2  2 . 7  0 . 6  

** 
S i re x BR 0 . 0  0 . 2  0 . 4  2 . 2  1 .  1 1 .  6 0 . 0  0 . 0  1 7 . 7  

B R  X s 0 . 0  0 . 0  0 . 5  0 . 0  0 . 0  0 . 0  1 . 4 0 . 9  

* 
F l oc k  3 . 7  0 . 0  

** * 
S i re/floc k  3 . 8  2 . 0  

* 
F l ock x S 0 . 0  1 .  6 

R es i du a l  6 7 . 4  63 . 8  43 . 8  57 . 2  64 . 1  79 . 4  4 8 . 6  74 . 9  56 . 3  70 . 1  41 . 2  

R es .  mean sq . 0 . 20 0 . 1 7  0 . 22 0 . 1 6  0 . 23 0 . 1 7  0 . 1 5  0 . 1 9  0 . 26 0 . 28 o .  1 9  

* p<O . OS ,  ** p<0 . 01 & 
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of pos i t i ons  c h anged con s i derab l y  between shear i ngs  as pos i t i on X 

s hear i ng i nter act i on was h i g h l y  s i gn i f i cant i n  both f l oc k s . 

D i fferences i n  the amount of wool  grown on d i fferent  pos i t i on s  

were observed i n  Romney ( Kent ) l amb s ( Henderson , 1 953 ) . Cockrem and 

W i ck h am ( 1 960 ) and Cockrem ( 1 962 ) attri buted 50% of the  v ar i at i on i n  

wool output  over the  body t o  th e v ar i at i on i n  b l ood s u pp l y  at var i ous  

pos i t i on s  as  meas ured by s k i n temperature . 

The effect of s i re wi th i n-fl ock  was s i gn i f i cant at the  f i rst  and 

s econd shear i ng s .  The amon g -s i re var i ance component i ncreased at the  

th i rd shear i ng i n  both f l oc k s . The r ank i ng of s i res  was  i ncon s i stent 

among shear i ng s  i n  F l oc k  A and between sexes  i n  F l ock  B .  

R ams i n  both f l oc k s  h ad l ower greasy and c l ean wool per un i t  area 

at the  f i rst and second shear i ng s .  At the th i rd shear i ng ,  F l ock  A 

r ams prod uced more wool i n  greasy and c l ean cond i t i ons . D i fferent 

management of the  two s exes  after the  f i rst  s hear i ng perh aps  l arge l y  

determi ned effects at l ater s hear i ng s  and shear i ng X s ex i n teract i ons . 

S i ng l es h ad h i gher greasy and c l ean wool product i on than  twi ns  i n  

both f l oc k s ,  the var i ance components be i ng h i gher at the  f i rst 

s hear i ng .  S i re X b i rth rank i n teract i on was found to be s i gn i f i cant 

at th e second and th i rd s hear i ng s . H i g h l y  s i gn i f i c ant s hear i ng X 

b i rth rank i nteract i on s  i n  A1 23 and B1 2 were due  to the recovery of 

woo l  product i on i n  twi n s  as t h ey aged after be i ng restri cted as l amb s .  

The  offs pr i ng of o l der d ams general l y  had h i gher greasy and c l ean 

wool per un i t  area than those of yo unger dams . That trend was 

s i gn i f i c ant at the f i rst  s h e ar i ng , the vari ance component be i ng 

l arger  i n  F l oc k  A .  

E ar ly-born l ambs h ad s i gn i f i cant ly  h i gher wool prod uc t i on th an 

those born l ater  at the  f i rst  s hear i ng (A 1 ) wh i l e the oppos i te trend 

was  s i gn i fi c ant at the th i rd s he ar i ng ( A3 ) . 
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Tab l e  1 . 4 . 23 Percentases of total vari ance d ue to d i fferent f actors (wi th s isn i f i cance ) :  

Greas� Wool Eer Uni t  Area 

Sources of # + + # + I + + + + + 
vari a t i on A 1 2 3  A23 B 1 2  AB1 AB2 A1 B 1  A2 B2 A3 B3 

{ PO S )  
** ** ** ** ** ** ** 

P os i t i on 2 . 3 5 . 0  8 . 6  1 2 . 7  1 1 . 0 0 . 0  4 8 . 5  2 3 . B  2 5 . 3  34 . 8  42 . 0  

Sex { S )  2 . 2  0 . 0  3 . 3  0 . 8  1 2 . 0  1 . 8 1 .  5 3 3 . 4  9 . 5  0 . 0  v v  o n l y  

{ B R )  
** 

B i rth rank 0 . 0  0 . 0  0 . 0  1 1 . 0  0 . 0  1 6 . 4  7 . 4  0 . 0  0 . 0  0 . 0  0 . 0  

* ** * ** * 
Dam age 0 . 7  0 . 0  0 . 0  9 . 1  0 . 8  1 7 . 0  1 . 5 0 . 2  1 . 8  0 . 0  0 . 2  

B i rth date * ** ** ** 

Shear i n g  { SHG ) 39 . 4  5 6 . 5  30 . 2  

S i re 1 . 4 0 . 9  2 . 2  0 . 0  2 . 7  1 . 4  3 . 0  5 . 8  9 . 7 

** ** ** 
SHG x POS 1 2 . 5  8 . 2  1 6 . 9  

** ** 
SHG x S i re 3 . 1  2 . 3  0 . 3  

** ** * 
SHG x S 5 . 1  7 . 8  1 . 2  

** ** 
SHG x BR 2 . 4  0 . 3  2 . 1  

* ** ** 
S i re x S 0 . 0  0 . 3  1 . 0 0 . 0  3 . 2  0 . 5  7 . 2  3 . 1  

** ** * ** ** 
S i re x BR 1 . 1 1 .  3 3 . 6  2 . 4  1 .  2 3 . 7  4 . 9  3 . 1 8 . 6  

B R  X S 0 . 1  0 . 2  0 . 0  0 . 0  0 . 0  0 . 1  0 . 0  0 . 2  

F l ock 4 . 7  35 . 8  

* ** 
Si re/ f l oc k  2 . 6  3 . 6  

** 
F l oc k  x S 0 . 0  2 . 4  

Res i d u a  1 29 . 7  1 7 . 3  30 . 6  59 . 0  34 . 5  62 . 3  34 . 0  3 7 . 1 48 . 3  53 . 0  3 9 . 5  

Res . mean sq . 2 1 . 04 2 3 . 93 1 9 . 97 1 6 . 33 25 . 57 1 3 . 1 3  1 3 . 88 1 6 . 39 . 24 . 96 30 . 57 1 8 . 64 

{+ 4 pos i t i ons are i nc l uded : S H ,  MS , BR & B K ;  I 2 pos i t i ons are i nc l uded : SH & MS ) 
* p<0 . 0 5 ,  ** p<O .  01 
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Tab l e  1 . 4 . 24 Percentages of total v ar i ance due to d i fferent ·factors (wi th sign i f i c ance ) :  
Clean Wool eer Uni t  Area 

Sources of I + + I + I + + + + + 
var i at i on A 1 2 3  A23 61 2 AB1 AB2 A1 61 A2 62 A3 6 3  

( POS ) 
** ** ** ** ** ** ** 

Pos i t i on 2 . 0  1 1 . 7  1 3 . 5  1 0 . 3  1 5 . 2  0 . 0  50 . 6  34 .8 27 . 9  4 2 . 2  6 2 . 8  

Sex ( S )  0 . 0  0 . 0  3 . 5  0 . 9  1 0 . 9  1 . 0  1 .  2 24 . 8  1 0 . 3  0 . 8  � �  o n l y  

( BR )  
** 

B i rth rank 0 . 0  0 . 0  0 . 2  6 . 9  0 . 0  1 2 . 3  5 . 6  0 . 0  0 . 0  0 . 0  0 . 0  

** * ** * 
Dam age 0 . 4  0 . 0  0 . 0  9 . 7  0 . 7  1 5 . 6  2 . 4  0 . 0  0 . 8  0 . 0  0 . 0  

B i rth date ** ** ** 

Shear i ng ( SH G )  29 . 4  42 . 6  27 . 7  

S i re 1 .  6 0 . 4  1 .  4 0 . 0  4 . 0  0 . 0  0 . 8  7 . 8  3 . 6  

** ** ** 
SHG X POS 1 8 . 4  8 . 7  1 5 . 0  

** ** 
SHG x S i re 4 . 3  4 . 0  0 . 3  

** ** * 
SHG X s 6 . 9  1 1 . 0 1 . 2  

** ** 
SHG x BR 2 . 8  0 . 3  1 . 4 

* * 
S i re x S 0 . 0  0 . 2  0 . 8  0 . 0  2 . 7  0 . 7  4 . 9  0 . 8  

** ** ** * * ** 
S i re x BR 1 .  3 1 . 8 3 . 2  3 . 1  0 . 0  4 . 9  4 . 5  3 . 4  7 . 7  

* 
BR X s 0 . 8  0 . 7  0 . 0  0 . 0  0 . 0  0 . 5  0 . 0  1 .  7 

F l ock 1 2 . 9  37 . 6  

** ** 
S i re/f l oc k  3 . 7  1 . 8  

* 
F l ock x S 0 . 0  0 . 9  

R es i du a l  32 . 1  1 8 . 7  3 1 . 7  5 5 . 7  33 . 0  68 . 0  3 3 . 7 34 . 3  51 . 0  4 3 . 3  26 . 0  

Res.  mean s q . 1 4 . 02 1 7 . 44 1 6 . 55 1 1 . 87 20. 02 8 . 27 1 2 . 1 0  1 2 . 1 8  20 . 85 22 . 20 1 2 . 1 0  

( +  4 pos i t i o n s  are i ne l uded : S H ,  MS , BR & BK ; I 2 pos i ti on s  are i nc l uded : SH & M S )  
* p<0 . 05 ** p<0 . 0 1  



68 

1 . 4 . 1 . 1 0  F l eece we ight 

F i rst  and th i rd s hear i ng f l eece we i ght data  from F l ock A were 

ana l ysed ( Tab l es 1 . 4 . 25 and 1 . 4 . 26 ) .  For f i rst  g reasy f l eece we i ght  

( GFW1 ) the  ma i n  source of  var i at i on was the  b i rth r ank effect . 

S i ng l es h ad s i gn i f i cant l y heav i er GFW1 than twi n s  and the b i rth- rank  

accounted for  45 . 1 % of the  total  v ar i anc e .  

Sex d i fferences were h i g h l y  s i gn i f i cant for the  GFW3 and CFW3 , 

r ams h av i ng heav i er f l eeces than ewes . At the th i rd s hear i ng ,  rams 

a l so had l o nger stap l e s ,  h i gher yi e l d ,  h i gher med u l l at i on i nd i ces and 

more c l ean  woo l  per u n i t  area de sp i te bei ng shorn one month ear l i er 

t h an ewes at th i s  shear i ng .  The r ams probab ly  a l so  were g i ven better 

n utri t i on before the th i rd shear i ng .  Wh i l e  these  Drysda l e rams h ad 

h i gher  y i e l ds  than the  ewes , most  stud i es of other breed s have  fou nd 

that  rams h ave  l ower yi e l d i ng woo l  ( Turner and Young ,  1 96 9 ;  B l a i r ,  

1 981 ) .  

S i re effect contri buted 5% to the  total var i ance  i n  GFW1 but  made 

no  contr i b u t i on  to GFW3 or CFW3 . The i mp l i c at i on of th i s  i s  th at GFW3 

and CFW3 h ave zero her i tab i l i ty i n  th i s  f l ock  but  th i s  needs to be 

ver i f i ed wi th far l arger n umbers of  s i res and offs pr i ng .  

D am- age control l ed l i tt l e  var i ance and was non -s i gn i f i cant but  

there was a tendency for  the  offs p r i ng of  ol der d ams to h ave  heav i er 

f l eeces as  l ambs ( GFW1 ) and at the  th i rd shear i ng ( GFW3 and CFW3 ) . 

E ar l y- born l amb s had s i gn i f i cant l y  h e av i er GFW1 than  those born l ater . 

, . 
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Tab l e  1 . 4 . 25 L e as t  sgu ares means and effect s  for first and third 
fleece wei ghts i n  F l ock  A 

GFW1 GFW3 CFW3 

Mean 1 . 38 2 . 1 0  1 . 70 

Sex : 
M a l e  +0 . 02 +0 . 1 9 +0 . 1 8 

B i rth  rank : 
S i ng l e  +0 . 1 5  +0 . 02 0 . 00 

D am �: 
2-yr -0 . 06 -0 . 1 2 -0 . 08 

B i rth  date -0 . 01 +0 . 0 1  +0 . 01 

The fema l e ,  twi n and o l der dam effects h ave the  same magn i tude  as , 
but  oppos i te s i gn to , the mal e ,  s i ng l e  and 2-yr dam effects  

Tab l e  1 . 4 . 26 P ercenta es of  total v ar i ance due  to  d i fferent f ac tors 
i n  F l ock  A wi th s ign i f i c ance GFW 1 ,  GFW3 and CFW3 

Sources of  
Var i at i ons  d .  f .  GFW1  GFW3 CFW3 

Tot a l  54 
Sex ( S ) 1 5 . 2  20 . 4  ** 28 . 0  ** 

B i rth rank  ( BR ) 1 4 5 . 1 ** 0 . 0 0 . 0  
D am age 1 2 . 0  6 . 0  3 .  1 
B i r th date 1 * *  

S i re  4 5 . 0  0 . 0  0 . 0  
S i re X BR 4 0 . 4  0 . 0  0 . 0  
S i re  X S 4 0 . 0  6 . 5  7 . 4  
BR  X S 1 0 . 0  0 . 0  0 . 0  
Res i du a l 37 42 . 3  6 7 . 1 6 1 . 5  
Res . mean sq . 0 . 05 0 . 1 8  0 . 1 2  

** p<0 . 0 1 
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1 . 4 . 2  Re l at i ons Among F l eece Trai ts  

The  corre l ati ons among v ar i ous  wool ch aracter i st i cs are s hown i n  

Tab l es 1 . 4 . 2 7 - 1 . 4 . 3 1 . 

1 . 4 . 2 . 1  Kemp s core 

H i gh kemp score genera l l y  had l ow corre l at i on s  wi th h ar s h  hand l e .  

The  smal l s i ze of the  corre l at i ons i s  probab l y  due to the  var i at i on i n  

h a nd l e  ar i s i ng ma i n l y  from f i bre d i ameter d i fferences and t h e  l eve l  of 

co n t i n uous med u l l ated f i bres as  reported by Roberts ( 1 956 ) ,  Von Bergen 

( 1 96 3 )  and S h ah and Wh i te l ey ( 1 97 1 ) .  Prob l ems of s ubj ect i ve as sess­

ment  may a l s o  contr i bute . Kemp score h ad genera l ly  we ak pos i t i ve 

corre l at i ons  w i th medu l l at i on i ndex . Wh i l e  kemps wou l d contr i bute  

s u b s t an t i a l l y  to medu l l ameter ref l ectanc e ,  cont i n uous  med u l l ated 

f i bres  a l so contr i bute to th i s  ref l ect ance and i f  kemp i s  not present  

t h e  p r imary fol l i c l es wh i ch produce  kemps are  probab l y  occu p i ed by 

cont i nuous  med u l l ated f i bres . 

Kemp was assoc i ated wi th  h i gher  X ,  Y and Z refl ect ances and 

redu c ed Y-Z . Kemp score tended to i ncrease as s t ap l e l ength 

decreased . S l ee ( 1 95 9 )  s howed that  stap l e  l ength was d i m i n i shed by 

f i bre shedd i ng i n  the  W i l t s h i re Horn X Scott i s h B l ackface crosses . 

Kemp a l so tended to be assoc i ated wi th h i g her bu l k  and res i l i ence and 

l ower l ustre . 

1 . 4 . 2 . 2 Hand l e  grade 

Negat i ve corre l at i on s  between h and l e  and medu l l at i on i ndex  

i nd i c ated that  harsh  h and l e  i s  u s u a l l y  as soc i ated wi th h i g her med u l ­

l at i on .  Th i s  corre l at i on was  pos i t i ve ( 0 . 23 )  a s  est i mated from the  

averag e  of the  f i rst f l eece  i n  F l oc k  A .  The  proport i on of non­

medu l l ated f i bres i s  often  l ow i n  Drysda l e s amp l es and  many l ow­

d i ameter f i bres are medu l l ated . These  wou l d  not affect th e h and l e  

ad ver s e l y  but  wou l d i nf l u ence the med u l l at i on i ndex . 

Soft h and l e  was found to be as soc i ated wi th both s ubj ect i ve 

g re asy and scoured wh i tenes s .  The  mag n i tude of these  corre l at i on s  

genera l ly i ncreased as wh i teness i nc reased from greasy s amp l es .  The  



Table 1 . 4 . 27 Correlations between shoulder wool traits at shearings 1, 2 and 3 (pooled over sexes and flocks) 

KS 

KS 

HG -0. 1 4  

-0 . 2 0  

-0 . 1 6  

HG 

HI 0 . 0 5  -0.02 

O . J J  -0.20 

0.01 -0 . 21 

MI 

GCG -0 . 02 O . J9 -O . OJ 

0 . 06 0 . 28 0 . 24 

O . OJ 0 . 04 O . JJ 

GCG 

SCG -0 . 0 1  0 . 1 8  0 . 08 0 . 5 1  

0 . 1 8  0 . 1 7  0 . 1 5  0 . )8 

0 . 27 0 . 06 0 . 0 1  0 . 2 7  

SCG 

0 . 08 0 . 01 0 . 1 )  0 . 41 0. 7 J  

0 . 26 0 . 08 0 . 54 0 . 49 0 . 60 

0 . 28 -0 . 1 2  0 . 4) 0 . 4) 0 . 5 2  

y 

0 . 08 -0.01 0 . 1 5  0 . )7 0. 71 0 .99 

0 . 25 0 . 00 0 . 55 0 . 50 0 . 5 5  0 . 99 

0 . 29 -0. 1 )  0 . 49 0 . 4) 0 . 52 1 . 00 

0 . 04 0 . 0) 0 . 1 )  0 . 5 0  0 . 8 )  

0 . 29 0 . 04 0 . 41 0 . 54 0 .  74 

0 . )4 -O.OJ 0 . )9 O . J9 0 . 62 

0.95 0 . 9 )  

0.94 0 . 9 1  

0.96 0 . 9 5  

Y - Z  -0 . 08 -0.09 -0 . 07 -0 . 54 -0 . 8 1  - 0 . 66 -0.64 -0.84 

-0.24 -0 . 06 -0. 1 6 - 0 . 44 -0. 7 7  -0 . 56 -0 . 52 -0.82 

-0 . 27 -0 . 1 7  -0.07 -0 . 1 7  -0 . 60 -0 . 58 -0 . 5 6  -0.80 

Y-Z 

STL 0 . 02 - 0 . 04 -0 . 05 -0 . 08 -0 . 24 -0.06 -0 . 04 -0 . 1 2  0 . 20 

-0 . 1 1  -0 . 2 1  0 . 1 9  O . OJ 0 . 0 1  0 . 1 6  0 . 1 7  0 . 1 J  -0.02 

-0 . 22 -0 . 1 4  0 . 41 O . OJ -0 . 1 7  0 . 05 0 . 05 0 . 01 0 . 04 

STL 

YLD 0 . 1 7  0 . 25 0 . 05 0 . 2) 0 . 06 -0.02 - O . OJ 0 . 05 -0. 1 4  0 . 1 2  

0 . 26 -0.06 0 . 1 9  0 . 24 0 . 1 7  0 . 1 2  0 . 1 2  0 . 1 8  -0 . 2 1  0 . 1 6  

-0. 1 7  -0 . 1 8 -0.07 0 . 1 6  -0.06 -0.01 o . oo -0 . 08 0 . 1 2  0 . 1 6  

YLD 

GWA 0 . 1 6  -0.09 0 . 00 -0 . 1 6  - 0 . 2) -0.01 0 . 00 -0 . 1 )  0 . 27 0 . 41 -0 . 0 1  

-0 . 08 - 0 . 2 9  0 . 1 0  -0 . 1 9  -0 . 2 1  0 . 06 0 . 1 1  -0.02 0 . 20 0 . 46 0 . 00 

-0. 1 7  -0 . 1 9  -O.OJ -0. 1 1  -0. 1 1  - 0 . 1 0  -O . J4 -0. 1 7  0 . 2J 0 . 24 0 . 1 J  

CWA -0 . 21 0 . 0 1  0 . 00 -0 . 1 1  - 0 . 2 1  -0.02 - 0 . 02 -0. 1 2  0 . 24 

- 0 . 02 -0.29 0 . 20 -0 . 1 0  -0 . 1 4  0 . 04 0 . 07 0 . 04 0 . 02 

0 . 42 

0 . 50 

0 . )2 

0 . 28 

GWA 

0 . 94 

0.96 

-0 . 20 -0.24 -0 . 05 -0 . 08 -0 . 1 1  -0.09 -0.08 -0 . 1 8  0 . 24 0 . 26 0 . 45 0 . 94 

CWA 

LG -O . OJ 0 . 1 7  O . OJ 0 . )6 O . J1 0 . 27 0 . 27 O . J4 -O . J5 0 . 1 5  0 . 1 1  -O.OJ 0 . 00 

-O . JJ 0 . 2 6  -0.4J O . OJ -0 . 09 - 0 . 2 5  -0 . 26 -0 . 22 0 . 06 -0 . 1 0  -0 . 05 0 . 01 -0. 0 1  

0 . 00 O . J5 -0.44 -0 . 20 -0 . 1 1  -O . JJ -0 . )4 -0 . 2 7  0 . 09 -0 . 25 -0 . 1 0  0 . 1 J  0 . 08 

LG 

BUL 0 . 1 0  -0 . 1 9  O . J7 -0 . 1 7  O . OJ -0.08 -0 . 09 -0.04 0 . 01 0 . 00 -0. 1 1  -O.OJ -0.08 -O.OJ 

O . JO -O.JO 0 . 29 -0 . 02 0 . 21 0 . 25 0.25 0 . 26 -0 .21 -0 . 1 6  -0 . 1 8  -0. 1 7  -0. 1 9  -0 . 24 

0 . )6 -0 . 2) 0 . 1 7  0 . 09 0 . 26 0 . )9 0 . )9 0 . 41 - 0 . 25 -0 . 25 -0 . )7 - 0 . 26 -0.)5 -0 . 2) 

BUL 

RES O . OJ -0 . 1 )  O . JO -0 . 1 2  

0 . 1 4  -0. 1 8  0 . 08 O . OJ 

O . OJ - 0. 1 J  -0 . 1 5  -0.06 -0 .05 -0 . 1 0  -0. 1 6  - 0 . 1 )  -0.20 -0.06 0 . 91 

0 . 1 6  0 . 1 7  0 . 1 8  0 . 21 -0.20 -0 . 24 -0 . 24 - 0 . 1 )  -0. 1 7  -0.0) 0 . 86 

O . J5 -0 . 1 J  0 . 02 O . OJ 0 . 20 0 . 25 0 . 24 0 . 28 -0 . 2 J  -0 . )4 -0. )8 -0.2) -O.JJ -0. 1 2  0 . 92 

Correlations are arranged in descending order of sheorings; 1 ,  2 and J respectively. 

r>0.257 (p<0 . 05 ) , r>O.JJJ ( p<0.01 ) . 

7 1  

RES 
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Table 1 . 4 . 28 Correlat ions between mid-side wool traits a t  shearings 1 ,  2 and J (pooled over sexes and flocks) 

K S  

KS 

HG -0 . 05 

-0 . 27 

-0. 03 

HG 

Ml 0 . 03 0 . 07 

0 . 1 2  - 0 . 38 

-0 . 1 8  -0 . 33 

Ml 

GCG 0 . 03 0 . 22 0 . 04 

0 . 1 9  0 . 03 0 . 1 8  

-0 . 1 7  0 . 27 0 . 05 

GCG 

SCG -0 . 06 0 . 09 0 . 1 6  0 . 39 

0 . 23 0 . 06 0 . 04 0 . 2 0  

0 . 07 0 . 26 -0. 1 1  0 . 23 

SCG 

X 0 . 06 0 . 09 0 . 25 0 . 38 0 . 69 

0 . 33 -0 . 27 

0 . 1 2  -0 . 1 1  

0 . 38 0 . 24 

0 . 33 0 . 2 2  

0 . 4 5  

0 . 49 

X y 

0 . 09 0 . 06 0 . 25 0 . 36 0 . 6 7  0 . 99 

0 . 2 7  -0 . 30 0 . 40 0 . 2 4  

0 . 08 -0 . 1 2  0 . 33 0 . 2 1  

0 . 03 0 . 1 3  

0 . 31 -0 . 23 

0 . 20 0 . 38 

0 . 31 0 . 2 7  

0 . 4 1  

0 . 4 7  

0 .  7 4  

0 . 46 

0 . 98 

1 . 00 

0 . 93 0 . 9 1  

0 . 9 6  0 . 92 

0 . 08 0 . 08 0 . 1 6  0 . 3 1  0 . 68 0 . 90 0 . 8 9  

Y-Z 0 . 07 -0 . 1 7 -0 . 07 -0 . 1 7  -0. 62 -0. 49 -0 . 45 -0 . 76 

- 0 . 20 0 . 06 -0 . 09 -0 . 2 5  -0. 37 -0 . 65 -0 . 50 -0 . 81 

-0 . 06 - 0 . 2 7  0 . 06 -0 . 3 1  -0 . 74 -0. 58 -0 . 55 -0. 87 

Y-Z 

STL 0 . 01 0 . 08 -0 . 1 5  -0 . 06 -0. 1 1  0 . 00 0 . 03 -0 . 05 0 . 1 8  

-0 . 02 -0 . 1 8 0 . 1 7  -0 . 03 0 . 07 0 . 1 6  0 . 1 9  0 . 1 8  -0 . 1 0 

- 0 . 38 -0 . 1 7 0 . 30 -0 . 01 -0 . 0 7  0 . 09 0 . 07 0 . 08 -0 . 06 

STL 

YLD 0 . 00 0 . 24 0 . 1 7  -0.03 -0 . 09 -0 . 1 3  -0 . 1 4  -0 . 02 -0 . 1 3  -0. 04 

0 . 2 5  -0 . 1 4  0 . 08 0 . 1 6  0 . 1 1  0 . 1 8  0 . 1 6  0 . 24 - 0 . 2 8  0 . 1 4  

-0 . 07 0 . 1 4  -0. 05 0 . 2 5  0 . 06 0 . 07 0 . 08 -0 . 02 0 . 09 -0.04 

YLO 

GWA 0 . 1 2  0 . 02 0 . 03 -0 . 0 2  -0 . 21 

-0 . 2 4  -0 . 22 0 . 27 0 . 04 -0 . 1 9  

0 . 0 2  0 . 04 -0 . 0 1  

0 . 05 0 . 1 1  -0. 04 

0 . 1 1  

0 . 22 

0 . 64 -0 . 1 1  

0 . 44 -0 . 1 7  

-0 . 1 6  -0 . 20 0 . 1 5  -0 . 3 5  -0 . 1 1  0 . 06 0 . 0 7  -0 . 03 0 . 1 2  0 . 34 0 . 09 

GWA 

CWA 0 . 06 0 . 09 0 . 06 -0.02 -0. 2 4  -0. 0 1  0 . 00 -0 . 01 0 . 06 0 . 62 0 . 24 0 . 9 5  

-0. 1 5  -0 . 24 0 . 28 0 . 08 -0 . 1 1  0 . 1 0  0 . 1 8  0 . 06 0 . 1 0  0 . 47 0 . 2 2  0 . 94 

-0 . 1 8  0 . 1 4  0 . 1 1  -0 . 2 3  -0 . 1 1  0 . 07 0 . 08 -0 . 04 0 . 1 5  0 . 31 0 . 40 0 . 96 

CWA 

LG -0.06 0 . 09 0 . 08 0 . 09 0 . 22 0 . 36 0 . 35 0 . 35 -0 . 23 0 . 1 1  - 0 . 04 0 . 09 0 . 08 

-0 . 1 6  0 . 28 -0 . 31 -0.07 -0 . 06 -0 . 1 8  -0 . 1 5  -0 . 20 0 . 1 9  -0 . 1 5  -0 . 05 -0 . 08 -0.09 

-O. i4 0 . 45 -0 . 2 1  0 . 1 9  0 . 46 0 . 1 4 0 . 1 3  0 . 34 -0 . 55 0 . 08 0 . 07 -0 . 05 -0.03 

LG 

BUL 0 . 1 6  -0 . 23 0 . 29 0 . 1 2  0 . 1 1  0 . 1 1  0 . 1 3  0 . 08 -0.02 0 . 1 4  0 . 02 0 . 1 3  0 . 1 1  0 . 20 

0 . 24 -0 . 35 0 . 27 0 . 24 0 . 1 7  0 . 30 0 . 30 0 . 3 1  -0. 1 7  0 . 07 0 . 01 0 . 07 0 . 01 -0 . 32 

0 . 25 - 0 . 45 0 . 04 -0 . 1 5  -0 . 07 0 . 2 7  0 . 2 9  0 . 1 1  0 . 1 2  -0. 1 3  -0 . 21 -0 . 03 -0.09 -0. 34 

RES 0 . 07 -0 . 22 0 . 1 4  0 . 1 3  0 . 08 

0 . 1 4  -0 . 26 0 . 0 9  0 . 1 4  0 . 1 4  

0 . 30 -0 . 28 -0. 1 5  -0 . 2 2  - 0 . 02 

0 . 04 

0 . 1 9  

0 . 1 3  

0 . 07 

0 . 2 7  

0 . 1 5  

0 . 07 -0.06 0 . 06 -0 . 07 

0 . 1 9  0 . 03 -0.06 0 . 05 

0 . 03 0 . 1 1  - 0 . 2 3  -0 . 1 5  

Correlations are arranged i n  descending order o f  shearings; 1 ,  2 and J respectively. 

r>0 . 257 (p< 0 . 05 ) , r>0.3JJ (p<0. 01 ) .  

0 . 02 -0.03 0 . 1 1  

0 . 09 0 . 09 -0 . 2 3  

0 . 00 -0.05 -0 . 2 1  

BUL 

0 . 91 

0 . 80 

0 . 87 

RES 
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Table 1 . 4 . 29 Corrclations_,!l!tween av�_!I.9!..�. P.f.. .wp_91 traits at shearinqs 1, and } in flock A {pooled over sexes ) .  

KS 

KS 

HG -D. 21 

- D . 58 

-D . 2D 

HG 

HI -D . D4 D . 2 J  
D . 25 -D.D2 

-D. J5 -D . J1 

HI 

GCG D . 1 6  D . 24 D . DJ 
D . J2 -D.DJ D . 24 
D . D1 D . 1 8  D . 24 

GCG 

SCG D . JO D . 04 0 . 26 D . 51 

D .  J5 -D. DJ 0. J7 0 .  45 

D . 4J D . D6 - D . D7 0 . 26 

SCG 

X 0 . 45 -D . 1 1  D . J8 O . J8 D . 7 1  

D . 29 -D. 1 2  D . 56 0 . 4J 0 . 56 
D . 08 -D . 2 J  D . 49 O . J9 D . 5J 

X 

Y 0 . 46 -0 . 1 2  O . J5 O . J8 D. 71 1 . DO 
O . J4 -D . 1 9  0 . 50 0 . 48 D . 52 0 . 9J 

O . D8 -D . 2J D . 47 O . J9 D . 52 1 . DO 

D . J9 -D . 1 D D . J8 
0 . 4 1  -D . 1 7  0 . 52 
0 . 25 -D . D8 D . 27 

D . 45 D . 8 1  D . 95 D . 94 

D . 5J 0. 72 D . 94 D . B9 
0 . 48 D. 76 D . 91 D . 91 

Y-Z -D.DJ -D . D2 -D. 26 - D . J8 -D . 68 -D .42 -D . J8 -D . 67 
-D . J5 D . 1 D  - D . 2 6  - 0 . 4D -D . 65 -D . 51 -O . J2 - 0 . 7 2  
-D .41 -D . 1 2  D . D5 - D . 41 -D . 86 -D. 52 -D . 52 -D.84 

Y-Z 

STL D . D7 -D . 2 2  -D.04 -D . 1 9  -D . 1 5  -O.D5 -D.D4 -D . 1 5  D . JJ 
-D . 1 5  -O . J 1  -O . D 9  -D.D8 -0 . 1 1  0 . 22 0 . 2D D . 2 1  -D .D6 

-O.J9 - D . D9 D . 42 -0 . 1 2  -D . J8 -D . 1 2  -0. 1 J  -D . 2J 0 . 29 

STL 

YLD -D . 1 J  D . 24 D . 2J -D.D2 -D . 1 6  -D . 2D - D . 2J -D . 1 9  D . DJ -0 . 1 9 
D . J6 -D . 1 5  D . 1 9  O . J5 D . 26 D . 28 D . 1 6  D . 27 -O . J6 -0 . 1 9  

-D . 1 2  -0 . 1 7  0 . 24 D . 1 8  -0 . 4D D . 1 6  D . 1 6  -D . D6 D . J 1  D . 2 D  

YLD 

GWA D . 1 J  -D . DJ -D. 1 J  - D . D7 -D . D8 D . 1 2  D . 1 4  -D.D1 D . J 5  0 . 6D -D. J5 

� . �  � . �  � . DJ -D.TI -0 . �  D . D6 D.m � . D5 D . 2 4  0 . �  � . �  
-D.41 D . 1 2  D . D5 -D.D9 -O . J5 -D . 1 8  -D. 1 8  -D . 29 O . J5 D . 41 D . J1 

GWA 

CWA D . 1 D  D . D2 -D . 1 1  -D.05 -D . D9 D . D9 D . 1 D  -D . D4 O . J5 D . 6D -0 . 1 7  D . 98 
-D . 1 J  -D . JD D . D1 - D . 22 -D . 1 4  D . 1 2  D . D8 D . D2 D . 1 D  D . 52 D . 1 D  D . 9J 
-D . 41 O . D5 D . 1 2  -0.04 -0 .45 -0 . 1 2  -0. 1 1  -D . 28 0 . 4J 0 . 44 0 . 58 0 . 9 5  

CWA 

LG -D.D5 O . JJ -D. 06 0 . 45 0 . 26 0 . 1 7  0 . 1 7  0 . 1 7  -D . 1 0  0 . 25 - O . OJ D . 1 7  0 . 2D 

-D.56 0 . 44 -O . JO -0 . 1 7  -O . J4 -D. 22 -0 . 24 -O. JO 0 . 2 8  0 . 01 -0. 24 0 . 1 4  D . 1 J  
0 . 04 0 . 45 -D. 55 0 . 1 1  0 . 08 -0.24 -0 . 24 -O . D7 -0 . 1 6  - 0 . 2 D  0 . 0 1  0 . 24 0 . 2 1  

LG 

8UL D . 42 -D . 2 8  D . 24 0 . 1 D  0 . 45 D . JJ O . JJ O . J4 -0 . 2 0  - 0 . 0 1  - D . 05 -0 . 08 -0 . 1 0  -0 . 1 2  

RES 

D . 64 -D . 56 D . 2D D . 26 0 . 1 4  0 . 02 0 . 1 4  D . 1 5  -0. 1 2  -0 . 1 8  -0.05 -0. 1 J -0. 1 4  -0.47 

D . 45 -D . 27 -D . 1 5  -D.D5 D . J4 D . 1 4  0.14 D.25 -D. J2 -D. 54 -D. J9 -D.58 -0 . 61 -D . 41 

D . 2 J  -D. 28 D . OJ 

D . 48 -D.47 -D . D5 
D . 4 J  -D . 1 6  -D . 2 9  

O . D7 D . 28 D . D8 D.D8 D . 1 J  -0 . 2 2  -0 . 1 D  -D . D 9  -0 . 1 9  -0 . 21 -D. 1 D  

D . Z J  D . 1 D  -D.08 D . D5 D . D4 -D. DJ -D . 1 6  -0 . 1 J  -D.D6 -D.D8 -D . 28 
D . DD 0 . 24 -D.D1 -D.D1 D . 1 4  -D. 26 -D . 56 -D . 4 J  -D . 51 -D.56 -D. 25 

Correlations are arranged in descending order o f  shearings; 1 ,  2 and J respectively. 

r>D . 2J1 (p<D . D5 ) ,  r>D . J51 ( p<D. D1 ) .  

BUL 

D . 84 
D . 9D 
D . 95 

RES 
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Table 1 . 4 . 30 Correlations between averages of wool trai ts at shearinqs 1, and J in flock B (pooled over sexes) 

KS HG HI GCG SCG y Y-Z STL YLO GWA CWA LG BUL RES 

------------- --------------------------------

KS 

HG -0 . 1 0 

-0. 31 

-0. 24 

HI 0 .  24 -0 . 20 
0 . 34 -0 . 54 
0 . 1 2  -0. 47 

GCG 0 . 22 0 . 50 0 . 06 
-0 . 03 0 . 30 0 . 1 3  
- 0 . 2 1  0 . 49 0 . 05 

SCG -0 . 07 0 . 1 6  -0.06 0 . 45 
0 . 04 0 . 26 0 . 1 1  0 . 5 1  

- 0 . 1 4  0 . 35 0 . 1 2  0 . 52 

0 . 08 0 . 07 0 . 08 0 . 35 0 . 84 

0 . 30 -0 . 05 0 . 46 0 . 51 o. 70 
0 . 1 8  -0 . 1 6  0 . 59 0 . 40 0 . 66 

0 . 09 0 . 06 0 . 06 0 . 32 0 . 82 1 . 00 

0 . 35 -0 . 1 0  0 . 52 0 . 4 9  0 . 65 0 . 99 
0 . 1 9  -0 . 1 9  0 . 60 0 . 38 0 . 65 1 . 00 

0 . 05 0 . 1 3  -0 . 01 

0 . 27 0 . 04 0 . 44 
0 . 03 0 . 07 0 . 43 

0 . 44 

0 . 55 
0 . 52 

0 . 92 

0 . 77 
0 . 82 

0 . 97 

0 . 97 
0 . 93 

0 . 95 

0 . 94 

0 . 92 

Y-Z 0 . 02 - 0 . 20 0 . 09 -0 . 53 -0.93 -0 . 79 -0 . 77 -0 . 92 
-0. 05 - 0 . 25 -0 . 1 8 -0 . 51 -0 . 77 -0.68 -0 . 59 -0 . 83 

0 . 1 9  -0.40 -0 . 1 0  -0. 58 -0 . 85 -0 . 63 -0 . 61 -0 . 86 

STL -0 . 01 0 . 1 2  0 . 1 2  0 . 03 - 0 . 24 -0 . 1 5  -0 . 1 4 -0 . 1 9 0 . 2 2  
- 0 . 2 1  - 0 . 0 7  0 . 40 -0 . 04 -0 . 1 3  -0 . 0 1  -0. 02 0 . 01 - 0 . 03 

YLD 

GWA 

-0. 51 -0 . 1 4  0 . 1 9  0 . 06 0 . 40 0 . 2 3  0 . 23 0 . 35 -0 . 42 

o. 27 0 . 49 0. 26 

0 . 1 0  0 . 1 2  0 . 09 
-0 . 08 0 . 31 -0 . 26 

0 . 34 -0.07 -0. 1 5  -0 . 1 7 -0. 09 -0 . 04 

0 . 3 2  0 . 24 0 . 20 0 . 1 7  0 . 24 - 0 . 31 
0 . 44 0 . 05 -0 . 1 4  -0 . 1 5  -0 . 06 -0 . 07 

0 . 1 5  -0 . 2 3  
-0 . 09 -0.43 
- 0 . 09 -0 . 5 1  

0 . 30 -0. 08 -0 . 26 -0 . 0 8  -0 . 08 -0 . 1 9 
0 . 37 -0 . 2 1  -0 . 37 "  -0 . 1 4  -0 . 08 -0 . 1 5  
0 . 06 -0 . 45 -0 . 01 0 . 00 0 . 02 -0. 07 

0 . 30 
0. 23 
0 . 1 7  

0 . 29 

0 . 1 2  
0 . 05 

0 . 45 0 . 04 
0 . 46 -0. 1 5  
0 . 37 -0. 1 5  

CWA 0 . 24 -0.03 0 . 37 0 . 06 - 0 . 2 8  -0 . 1 5  - 0 . 1 4  -0. 22 0 . 28 0 . 50 0 . 41 0.93 
-0 . 05 -0 . 37 0 . 41 -0 . 1 3  - 0 . 3 1  -0. 09 -0 . 04 -0 . 09 0 . 1 5  0 . 5 2  0 . 1 4  0 . 96 
-0 . 1 2 -0.38 -0. 03 -0 . 28 0 . 0 2  -0.04 - 0 . 02 -0 . 07 0 . 1 3  0 . 39 0 . 20 0 . 94 

LG -0 . 09 0 . 1 0  0 . 08 0 . 24 0 . 5 2  0 . 50 0 . 49 0 . 53 -0. 51 -0 . 01 -0 . 08 -0.06 -0 . 09 

-0 . 41 0 . 58 -0 . 65 -0. 1 0  -0. 1 1  -0. 35 -0 . 39 -0.34 0 . 1 5  - 0 . 1 0  -0. 1 2  -0. 2 1  -0. 23 

8UL 

RES 

-0 . 36 0 . 6 2  -0.47 0 . 24 0 . 2 1  -0. 1 9  -0 . 22 0 . 06 -0.40 0 . 06 0 . 00 -0.20 -0 . 1 9 

0 . 24 -0. 22 

0 . 44 -0.66 
0 . 47 -0 . 5 7  

0.43 0 . 1 2  -0. 1 2  -0 . 1 2  -0 . 1 3  -0 . 1 5  0 . 1 5  -0 . 3 1  0 . 03 -0 . 03 0 . 00 -0 . 1 4  

0.49 -0 . 06 0 . 08 0 . 35 0 . 36 0 . 27 -0 . 04 -0 . 06 -0. 1 8  0 . 02 -0. 04 -0. 66 
0 . 2 8  -0 . 32 -0 . 1 8  0 . 2 9  0 . 31 0 . 04 0 . 33 - 0 . 24 -0 . 35 0 . 02 -0. 1 2  -0. 56 

0 . 03 -0. 1 6 0 . 0 1  0 . 04 -0. 09 -0 . 1 7  -0 . 1 7 -0 . 1 6  
0 . 30 -0. 52 0 . 24 -0 . 06 0 . 0 9  0 . 32 0 . 34 0 . 22 
0 . 39 -0. 53 -0.05 -0. 49 -0. 33 0 . 02 0 . 04 -0. 1 9  

0 . 1 1  -0. 27 -0 . 08 -0. 1 2  -0. 1 2  -0 . 1 5  

0 . 05 -0 . 23 -0. 1 7  -0.04 -0. 09 -0.40 
0 .4 6  -0 . 22 -0. 3 5  0 . 1 1  -0 . 03 - 0 . 41 

Correla tions are arranged in descending order or shearings; 1 ,  2 and J respectively. 

0.82 
0 . 84 
0 . 89 

for shearings 1 and 2: r>0.236 ( p<0. 0 5 ) , r>0.307 ( p<0.01 ) .  for shearing 3 ewes: r>0. 32 7  ( p<0 . 0 5 ) ,  r>0 . 4 1 9  ( p<0 . 0 1 ) 
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presence of t h e  grease  mi g ht be confound i ng wi th soft hand l e . On  the 

other h and , Roberts ( 1 956 ) found th at s u i nt was th e component of y i e l d 

that  affected h and l e . 

Hand l e  genera l l y  tended to become h arsher as stap l e  l ength 

i ncreased and y i e l d  decreas ed . The magn i tude of  the correl at i on s , 

however ,  was smal l and i ncons i s tent .  Harsh  h and l e  a l so was assoc i ated 

wi th h i g her bu l k and res i l i ence and l ower l u s tre . S i m i l ar l y ,  A l i et 

al. ( 1 97 1 ) po i nted out  th at the  greater t h e  res i stance to compres s i on 

the  h arsher i s  t h e  h and l e  of the  woo l . I t  was  fou nd th at harsh  h and l e  

and h i gher medu l l at i on i ndex were corre l ated wi th i ncreased greasy and 

c l e an wool per u n i t  area ,  probab l y  d u e  to the presenc e of more 

cont i n uous medu l l ated f i bres wh i ch may be coarser and of  h e av i er 

we i ght . Doney ( 1 96 3 )  showed , i n  Scott i s h  B l ackfac e ,  that 50-60% of 

the among - s heep var i at i on i n  product i on per un i t  area was due to 

v ar i at i on i n  f i bre we i ght , the rest be i ng due to var i at i on i n  f i bre 

dens i ty.  The v a r i at i on i n  mean f i bre we i ght  was f urther p art i t i oned 

i nto 50- 70% due to var i at i on i n  mean cro s s - sect i ona l  area and the  

rema i nder to var i at i on i n  mean f i bre l ength . 

1 . 4 . 2 . 3  Med u l l at i on i ndex 

Medu l l at i on i ndex  had smal l corre l at i ons w i th both greasy and 

scoured co l o ur  grade s .  Among kemp score , h and l e  grade and med u l l at i on 

i ndex , the  l atter s howed h i gher  corre l at i on s  wi th tri s t i mu l u s  co l o ur  

ref l ectances t h a n  the  other two s ubj ect i ve assessments . Medu l l at i on 

i ndex  i s  al so  meas ured by refl ectance s o  t h e  correl at i ons  are  not  

s urpr i s i ng .  Corre l at i ons  of  medu l l at i on i ndex wi th X and y were 

h i gher  th an wi th Z va l ues . The refl ect i on of the medu l l a  mi g ht be 

absorbed i n  red ( X )  and green ( Y )  s pect rums more than i n  the  b l u e ( Z )  

one .  On the  other  h and , ye l l owness  m i g ht c ause v ar i at i on i n  Z ref l ec­

t ance  wh i c h red u c e s  the  assoc i at i on w i th medu l l at i on i ndex . N and urkar  

and Lappage ( 1 97 7 )  found that  the  Y v a l ue for  yarns  corre l ated 

reasonab l y  we l l w i th medu l l at i on i ndex  ( 0 . 79 )  and wi th mean f i bre 

d i ameter ( 0 . 87 ) .  Thus  the coarse and h eav i ly-med u l l ated f i bres dyed 

l i g hter than  the  f i ne  fi bres . They i nd i c ated th at th i s  d i fference i n  

dyeab i l i ty l ead s t o  d i fferences i n  s h ades  between f i bres of coarse  

medu l l ated wool s ,  and so to  d i ff i cu l ty i n  ach i ev i ng so l i d  s h ade s . 

I nc e  ( 1 9 7 9 )  a l s o  st ated th at h i gh ly-medu l l ated woo l s  appeared to dye 
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to a p a l e r  co l o ur  t h an non-medu l l ated woo l s a l though they ab sorb as 

much  dye s tuff by we i ght . Th i s  phenomenon i s  due  to i ntern a l  l i ght 

refl ect i on i n  the  medu l l ated f i bres . 

Stap l e  l ength was pos i t i ve l y  correl ated wi th medu l l at i on i ndex of 

l ater f l e eces . That t rend was  s u s t a i ned by the  observat i on s  taken  

from the  l aboratory wh i ch s ug gested th at the  cont i nuous  med u l l ated 

f i bres are u s u a l l y  t h e  l ongest  f i bres i n  Drysd a l e f l eeces , account i ng  

for the extra  stap l e  l ength . P r i mary fol l i c l es i n  D rysda l es are  

capab l e  o f  prod uc i ng co nt i nuou s l y  medu l l ated f i bres for l o ng  per i od s  

of  t i me w i thout  s h ed d i ng .  

Medu l l at i on i ndex  was general l y  as soc i ated wi th l ower l u s tre and 

h i g her b u l k . Nandu rkar and L appage ( 1 97 7 )  found no rel at i on between 

bu l k  and  medu l l at i on i ndex i n  Drysd a l e samp l es .  

1 . 4 . 2 . 4  C o l our  appra i s a l s  and measurements 

V i s u a l  grades  of greasy and scoured co l o u r  showed corre l at i ons  

ranged between 0 . 20-0 . 52 .  Low phenotyp i c  assoc i at i on between  greasy 

and sco u red col our  h ave been reported by C l ark and Wh i te l ey ( 1 97 8 ) , 

Wh i te l ey e t  a l . ( 1 980 ) and Te asda l e ( 1 984 ) .  For New Zea l and Romney , 

C hopra ( 1 9 78 )  est i mated h i gh a nd pos i t i ve genet i c  correl a t i ons  between 

GCG and SCG ( 0 . 85 )  i nd i c at i ng  th e pos s i b i l i ty of i mprov i ng scoured 

co l o ur  g r ades  by s e l ect i ng for greasy col o u r  gr ades . When greasy woo l 

i s  be i ng  g r aded , th e col o u r  i s  often a compos i te of scoura b l e  and  non­

scourab l e  components . The  l ow p henotyp i c  corre l at i ons between GCG and  

SCG  are  l i ke l y  to b e  due  to the  presence of scourab l e  co l o u r at i on s  and 

to  the v ar i at i on i n  grease content ( Hoare and Thompson , 1 974 ) .  

O bj ect i ve co l o u r  measurements h ad h i gher  correl at i on s  w i th SCG 

than  wi t h  GCG . Both greasy and scoured co l o ur  asses sments  h ad 

h i g her corre l at i on s  wi th Z ( b l ue )  refl ectances th an  w i th  those  

obt a i n ed from e i ther X or  Y v a l ues . The corre l at i ons amon g  X ,  Y ,  Z 

and Y-Z  were h i g h ,  part i c u l ar l y  those  between  X and Y ( see  a l s o  B i g h am 

et al . ,  1 984 b ) . S ubj ect i ve c o l o u r  g r ades as we l l  as  tr i st i mu l u s  co l ou r  

v a l ues  h ad negat i ve corre l a t i ons  w i th Y-Z ; the  h i gher t h e  Y-Z  v a l u e  

t h e  ye l l o wer  t h e  woo l . T h e  corre l a t i ons  o f  Y -Z  va l ues  were  genera l l y  



h i gher wi th s coured co l o ur th an tho s e  wi th greasy col our .  

i n  Y-Z are ma i n l y  d u e  to var i at i on i n  Z v a l u e .  
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V ar i at i ons  

Longer stap l es and h i gher prod uct i on p er u n i t  area ( both greasy 

and c l ean ) often tended to be corre l ated wi th more d i sco l o u red wool  as 

i nd i cated by s ubj ect i ve greasy and scoured co l our  as we l l as Y - Z .  

That trend was n o t  c l ear from tr i st i mu l u s  refl ect ance va l u e s .  Work i ng 

w i th Coopworth , R omney and Border L e i cester , B i gham et a l . ( 1 983a ) 

s howed s i m i l ar corre l at i ons of Y - Z  wi th c l ean and greasy f l eece 

we i ghts  and stap l e  l ength . 

The corre l at i ons  between y i e l d  and greasy col our grades  mi g ht 

refl ect the q u ant i ty and n ature of woo l -contami n at i ng  s ubstances 

( wheth er i t  i s  scourab l e  or not ) . L u s tre tended to i ncrease  as  co l o ur  

i mproved both s ubject i ve l y  and  obj ect i ve l y , p art i cu l ar l y  i n  the  f i rst  

s hear i ng .  S i mi l ar l y ,  bu l k  and  res i l i ence  genera l l y  tended to i ncrease 

as co l o u r  i mproved . B i gham et al . ( 1 983a )  produced nega t i v e  e st i mates 

of the genet i c  ( -0 . 04 )  and p henoty p i c ( -0 . 1 1 )  correl at i on s  between  

bu l k and Y-Z . 

1 . 4 . 2 . 5  Stap l e  l ength and woo l per u n i t  area 

Stap l e  l ength was po s i t i ve l y  corre l a ted wi th greasy and c l ean  

wool prod uc t i on per u n i t  area p arti c u l ar ly  when the me an of the 

pos i t i on s  was the  b as i s .  Young and  C h apman ( 1 958 )  s ugge s ted th at i n  

strong woo l  breed s stap l e  l ength contr i buted the major p art towards 

wool product i on whereas , i n  f i ne  wool breed s ,  dens i ty h ad the greatest 

i nfl uence  on wool  product i on .  

Sh orter stap l e s were corre l ated wi th h i g her b u l k and res i l i e nc e .  

Howeve r ,  t h e  mag n i t ude o f  the  corre l at i on s  was smal l and i ncon s i stent . 

S i mi l ar res u l t s  were reported e l sewhere ( Wh i te l ey et al . ,  1 978 ;  

E l l i ott a nd  Carn aby , 1 980 ; B i g h am e t  a l ., 1 983a ) . 

GWA was h i g h l y corre l ated wi th CWA . Y i e l d appeared far l es s  

i mportant  as a source o f  v ar i at i on i n  c l ean prod uct i on .  I n  both 

f l oc k s ,  YLD , GWA and CWA of  s h o u l der s amp l es i ncreased as b u l k and 

res i l i ence  decre ased . B i g h am et a l . ( 1 983a )  reported s i m i l ar trend s .  
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1 . 4 . 2 . 6  L u stre , b u l k  and  res i l i ence 

There were h i g h l y  pos i t i ve corre l at i on s  between b u l k and res i ­

l i ence r ang i ng between 0 . 80 a nd 0 . 9 5 .  Both bu l k and res i l i ence  

genera l l y  showed nega t i ve  corre l at i ons  w i th l u s tre . 

was reported by E l l i ott a nd C arn aby ( 1 980 ) .  

A s i m i l ar trend 

B u l k a l so i ncreased as kemp score , med u l l ati on  i ndex and harsh  

h and l e  i ncreased , the  corre l at i ons  be i ng l ower for  med u l l at i on i ndex 

compared wi th kemp s core and h and l e .  

1 . 4 . 2 . 7 F l ock � f l eece we igh t  

Tab l e  1 . 4 . 3 1 shows t h e  corre l ati ons  of  f i rst  and th i rd f l eece 

we i g hts to var i ous  tra i ts at the f i rst s h ear i ng  on the shou l der and 

m i d-s i de pos i t i ons  together wi th the aver ag e s  of a l l pos i t i ons  at the  

f i rst and at  the  th i rd s hear i ng s .  Perhaps the  most surpr i s i ng f i nd i ng 

was that  the corre l a t i on s  were general l y  so  smal l .  

H i g h f l eece we i g ht was a s soc i ated wi th  poor scoured co l our  as  

i nd i cated by  the  corre l a t i on wi th s ubj ect i ve grades and Y-Z .  H i gh Y -Z  

( poor co l our ) of t h e  f i rst f l eece was a l so  as soc i ated wi th h i g her 

t h i rd f l eece we i ght . These corre l at i on s  were even h i gher than that  

b etween f i rst and  th i rd fl eece we i ght . Th i s  l atter corre l at i on was 

s urpr i s i ng l y  l ow and non-s i gn i f i cant .  

The  s i gn i fi cant  and n eg at i ve re l at i on s h i p between  th i rd f l eece 

we i ght and average kemp score mi ght i nd i c ate  that kemp -produc i ng 

fol l i c l es contri bute  to  a l ower total  we i g ht of fi bre output  and 

accord i ng l y  reduce the wool  prod uct i on .  

At the fi rst  s h e ar i ng ,  s t ap l e  l ength  was as s oc i ated pos i t i ve l y  

a nd s i gn i f i c ant l y wi th f l eece we i ght b u t  i n  the th i rd f l eece th e 

assoc i at i on was weak . Rae ( 1 958 ) , Tr i pathy ( 1 966 ) ,  S umner ( 1 96 9 ) and  

B l a i r  ( 1 981 ) gave  correl at i ons  of greasy f l eece we i ght and  stap l e  

l ength rang i ng from 0 . 29 to 0 . 66 i n  the  New Z e a l and Romney . 

GFW1  i ncreased as y i e l d decreased b ut  there was no 

corre l at i on between  y i e l d  and greasy th i rd f l e ece we i ght . 

s i gn i f i c an t  

I t  i s  not 



Table 1 . 4 . 31 C orrel ations of the first and third fl eece weights with the first and third shearing 

t r aits i n  F l oc k  A (pool ed over sexes ) . 

KS HG MI GCG SCG 

GFW1 SH 0 . 09 0 . 1 3  -0 . 1 4 0 . 06 -0 . 0 7  

M S  -0 . 08 -D . 1 9  -D . 1 4 D . D9 -D . D1 

AV 1 D . 1 7  -0 . 24 -D . 1 6 -D . D9 O . D2 

GFW3 SH -D . D1 D . 1 5  -D . 1 3  D . D2 -D . 1 D 

MS D . D3 -D . D1 -D . 1 9 D . D8 -D . D4 

AV1 D . 1 7  0 . 1 6  -D . D8 D . 1 9  D . D5 

AV3 -0 . 30 -0 . 08 -D . 02 -D . D6 -D . 31 

CFW3 SH D . D2 D . 1 5  -D . 1 1  -D . D5 -D . 1 7  

MS D . D3 -D . D4 -D . 1 3  D . D4 -D . 1 6  

AV 1 D . 1 4  D . 1 6  -D . D4 D . 1 5  -D . D1 

AV3 -D . 32 -0 . 1 D  D . 04 O . DD -0 . 40 

SH and MS wool samples from the first shearing 

AV3 ave rage o f  wool t r aits at third shearing 

X 

D .  2 1  

D . 2 D 

D . 1 1  

D .  1 9  

D . 1 6  

D . 1 7  

-D . 1 6  

D . 1 3 

D . 1 3  

D . 1 3  

-0 . 1 2 

y z Y-Z S T L  YLD GWA 

D . 22 D . D2 D . 2 8 D . 59 -D . 24 D . 49 

0 . 24 D . D7 D . 2 1  D . 66 -D . 28 D . 52 

0 . 1 2  0 . 02 D . 2 1 D . 64 -0 . 36 D . 59 

D . 2D D . DD D . 28 -D . D6 D . D3 D . 2 3 

0 . 2D 0 . 06 0 . 1 8  D . DD D . 06 0 . 1 3  

D . 1 9 D . D7 0 . 24 D . D2 D . 1 D  0 .  2 1  

-D . 1 4 -0 . 22 0 . 28 0 . 1 3  0 . 1 3  0 . 48 

D . 1 3  -D . D8 D . 35 -D . 1 D D . 1 2  D . 22 

0 . 1 6  D . D2 D . 23 D . 04 D . D9 D . 06 

D . 1 4  D . D2 D . 2 8 -D . D1 D . 2D D . 1 6  

-0 . 1 1  -0 . 23 0 . 35 0 . 1 7  D . 37 D . 51 

AV1 ave rage of wool traits at fir st shearing 

r>D . 2 71 ( p<D . D5 ) , r>D . 35 1  ( p<0 . 01 ) .  

CWA 

D . 44 

D . 47 

0 . 56 

D . 24 

D . 1 3  

D . 24 

0 . 45 

D . 25 

D . D7 

D . 21 

D . 59 

LG BUL 

D . DD -D . D1 

D . 28 D . 23 

0 . 1 0  0 . 04 

D . 1 5  D . D6 

D . 29 0 . 30 

O . D8 D . 25 

0 . 07 -0 . 1 6  

D . 1 3  D . D3 

D . 26 D . 2 6 

D . D5 D . 22 

D . D6 -D . 25 

RES GFW1 

-D . D7 

D . 1 2  

-0 . 03 

-O . D1 

0 . 1 9  0 . 1 7  

D . 2D 

-0 . 0 9  

-D . D7 

D . 1 6  D . 1 4  

D . 1 4  

-D . 2D 

-.....! 
1.0 
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surpr 1 s 1 ng th at th ere was a pos i t i ve re l at i onsh i p  between average 

y i e l d  i n  the th i rd shear i ng and c l ean th i rd f l eece we i ght s i nce  th i s  

y i e l d was us ed i n  der i v i ng the c l ean  f l eece we i g ht . 

F l eece we i g ht was reason ab l y  we l l  corre l ated wi th woo l  prod uct i on 

per u n i t  area of  the s ame f l eec e .  Wool p e r  un i t  area me asured from 

shou l der  and mi d-s i de samp l es i n  t h e  f i rst  s h ear i ng or the  ave r age  of 

a l l pos i t i ons  was of l i ttl e va l u e  i n  pred i ct i ng th i rd f l eece we i ght . 
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1 . 4 . 3  Re l at i ons Among B i rthc oat Tra i ts 

I nterre l at i onsh i ps between th e proport i on s  of b i rth coat f i bre 

types are i mp l i c i t  i n  th e st udy of  arrays ( Stephen son , 1 952 ; E l gabbas , 

1 97 8 ) ; however these i n terre l at i ons  h ave  s e l dom been a n a l ys ed 

s t at i st i ca l l y . 

Tab l es 1 . 4 . 32 and 1 . 4 . 33 present l e ast sq uares  means  and effects 

for b i rth coat f i bre types after transformi ng b ack from the arc s i n e  

form. Accord i ng l y, th e pos i t i on effects i n  these  tab l es d o  not s um t o  

z ero .  

The array grades were a l l oc ated accord i ng to  the presence or  

a bsence of pre-c u r l y  t i p  f i bre type s ;  so  c l ear l y  these  grades must  be  

a s soc i ated wi th the  proport i on of  certai n f i bres . S i nce P3 was  the  

most common array i n  th ese  data  ( Tab l e  1 . 4 . 34 )  the  p roport i on of SSB , 

and more p ar t i cu l ar l y  whethe r  SSB f i bres were present  or not , wou l d  be  

c l o s e l y  r e l ated to th e array a l l oc ated ( Tab l e 1 . 4 . 35 ) .  S i nce  HH  

f i bres were  present i n  a l l arrays the proport i on of  wh i c h was not 

c l o se ly  re l ated to the  array,  the  s ame mi g ht app l y  for SSA and ssA • 

f i bres . SK f i bres were c l o se l y  r e l ated because  they wo u l d  determi ne  

whether  the  array was  s ad d l e or not . 

A l t hough  the  corre l at i on s  between HH  and SSA were found to be 

smal l and non-s i gn i f i c a n t ,  the neg a t i ve s i gn m i ght  i nd i cate that both 

f i bre types  are grown from the s ame fol l i c l e ;  the pr i mary central s .  

F r aser et a l . ( 1 954 ) st ated that pr i mary centra l  fo l l i c l es produce  

P re-CTs wh i l e p r imary l ater a l s p rod uce  HTCT and  secondar i e s prod uce  CT  

a nd H i  f i bres i n  Drysda l e s heep . W i ckham ( 1 958 ) i nd i cated th at Pre­

CTs can extend i nto pr i mary l ateral  fol l i c l es or HTCT i n to pr i mary 

central  fol l i c l es and s econd ar i es at t i mes . Pres umab l y  th i s  spread i ng 

o f  the HTCT group over more fol l i c l es i s  occurr i ng i n  l amb s wi th 

coar ser arrays s i nce the l atter were fou nd to be  assoc i ated wi th a 

h i g her proport i on of HTCT and fewer Pre-CT and CT f i bres ( Tab l e  

1 . 4 . 35 ) . The  re l at i on between coarser arrays and a h i gher proport i on 

of  HTCT f i bres was a l s o i nd i cated by Stephenson  ( 1 952 ) .  

S i nc e  HH ,  SSA,  SSA • and SSB  are a l l components of the  Pre-CT 

group  of f i bres it  i s  not surpr i s i ng from s t at i st i ca l  cons i derat i on s  



Tab l e  1 . 4 . 32 Least  s q uares me ans and effects for b i rthcoat f i bre types i n  F l ock  A .  

HH SSA ssA · SSB ss SK Pre . CT HTCT1 HTCT2 HTCT CT1 CT2 CT 

Mean 8 . 54 3 . 9 5 1 . 63  6 . 1 0  1 3 . 46 0 . 68 2 3 . 73  1 5 . 9 3 8 . 44 29. 95  0 . 09 44 . 75 43 . 35 

Sex 
Mal e  0 . 00 0 . 00 0 . 00 0 . 00 0 . 00 0 . 00 +0 . 0 1 0 . 00 +0 . 1 0  +0 . 05 0 . 00 -0 . 1 4 -0 . 1 1  

B i rt h  rank  
S i ngle 0 . 00 0 . 00 0 . 00 -0 . 04 -0 . 05 0 . 00 -0 . 03 +0 . 03 +0 . 1 0 +0 . 1 1  -0 . 07 0 . 00 -0 . 02 

Dam � 
2-yr 0 . 00 0 . 00 0 . 00 +0 . 08 +0 . 05 0 . 00 +0 . 05 0 . 00 - 0 .  1 0  -0 . 03 +0 . 0 1 0 . 00 0 . 00 

Pos i t i on 
SH -0 . 04 +0 . 03 - 0 . 09 -0 . 2 1 -0 . 1 3  0 . 00 -0 . 2 1 -0 . 03 +0 . 08 0 . 00 0 . 00 +0 . 23 +0 . 1 8  
MS -0 . 06 0 . 00 - 0 . 02 -0 . 08 -0 . 1 3 0 . 00 -0 . 25 +0 . 1 8  -0 . 07 +0 . 05 0 . 00 +0 . 1 3 +0 . 1 2  
BR  0 . 00 +0 . 39 +0 . 02 -0 . 1 2 +0 . 09 0 . 00 +0 . 03 +0 . 49 -0 . 1 3 +0 . 1 5  0 . 00 - 0 . 1 2 -0 . 1 3  
WH -0 . 03 -0 . 70 -0 . 03 -0 . 42 - 1 . 50 -0 . 02 - 1 . 25 +0 . 40 +0 . 08 +0 . 09 0 . 00 +0 . 1 1  +0 . 1 4  
BK  +0 . 02 0 . 00 0 . 00 -0 . 42 -0 . 1 5  -0 . 03 -0 . 09 +0 . 2 7 +0 . 45 +0 . 74  0 . 00 -0 . 24 -0 . 1 8  
R P  +0 . 04 -0 . 04 0 . 00 -0 . 06 -0 . 08 -0 . 03 -0 . 03 +0 . 37 +0 . 38 +0 . 86 -0 . 03 -0 . 1 9  -0 . 29 
SP +0 . 1 5  +0 . 01 0 . 00 + 1 . 47 +1 . 1 9  +0 . 1 6 +1 . 68 -2 . 96 -0 . 7 1 -4 . 60 +0 . 0 1 +0 . 04 +0 . 07 
B L  0 . 00 0 . 00 +0 . 2 2 + 1 . 88 +1 . 49 +0 . 04 +1 . 1 1  -0 . 97 -0 . 1 3  -0 . 99 0 . 00 -0 . 01 0 . 00 

B i rt h  date -0 . 01 +0 . 1 4 +0 . 02 -0 . 1 3 +0 . 03 0 . 00 +0 . 01 -0 . 2 1 +0 . 1 0 -0 . 1 7  +0 . 1 3  +0 . 02 +0 . 1 1  

The  fema l e ,  twi n and o l der dam effects h ave  the same mag n i tude as , but  oppos i te s i gn to , the  mal e ,  s i ng l e  and 
2 -yr dam effect s .  
B ased on ana l ys i s  i n  the  arcs i ne form but  detran sformed . 

----- --------

(X) 
N 



Table 1 . 4 . 33 L east squares means and effec ts for birthcoat fibre types in both flocks 

HH SSA SSA ' SSB ss 

Mean 8 . 50 3 . 32 1 . 1 5  3 . 45 8 . 94 

F lock 

A -0 . 04 +0 . 1 7 +0 . 07 0 . 00 +0 . 24 

Sex 

Male 0 . 00 0 . 00 0 . 00 0 . 00 0 . 00 

Birth rank -- --

Single 0 . 00 0 . 00 0 . 00 -0 . 03 -0 . 04 

Dam � 

2-yr 0 . 00 0 . 00 0 . 00 +0 . 1 0  +0 . 03 

P osition 

SH -0 . 1 3  +0 . 04 0 . 00 +0 . 03 +0 . 04 

MS -0 . 1 7  0 . 00 0 . 00 +0 . 1 0  +0 . 02 

BR -0 . 03 +0 . 35 +0 . 04 +0 . 04 +0 . 50 

8K +0 . 91 -0 . 59 0 . 00 -0 . 46 -1 . 05 

Birth date 0 . 00 0 . 00 0 . 00 0 . 00 0 . 00 -- --

SK 

0 . 38 

0 . 00 

0 . 00 

0 . 00 

0 . 00 

+0 . 01 

+0 . 0 1 

0 . 00 

-0 . 06 

0 . 00 

P r e-CT HTCT1  HTCT2 

1 8 . 34 27 . 26 4 .  21  

+0 . 08 +0 . 94 -0 . 22 

0 . 00 -0 . 1 0  +0 . 1 6  

-0 . 03 0 . 00 +0 . 04 

+0 . 01 0 . 00 -0 . 1 1  

0 . 00 -1 . 06 -0 . 1 5  

-0 . 03 -0 . 1 8  -0 . 29 

+0 . 20 0 . 00 -0 . 45 

-0 . 04 +2 . 1 9  +2 . 53 

0 . 00 0 . 00 0 . 00 

HTCT 

34 . 92 

+0 . 05 

0 . 00 

+0 . 03 

-0 . 07 

-1 . 25 

-0 . 43 

-0 . 1 9 

+4 . 80 

0 . 00 

CT1  CT2 C T  

1 .  7 6  40 . 36 45 . 40 

+0 . 1 5  -0 . 53 -0 . 2 3 

-0 . 03 0 . 00 -0 . 01 

-0 . 02 0 . 00 0 . 00 

+0 . 02 0 . 00 +0 . 02 

-0 . 01 +1 . 21 +1 . 00 

0 . 00 +0 . 54 +0 . 51 

-0 . 01 +0 . 02 0 . 00 

+0 . 05 -3 . 95 -3 . 1 3  

0 . 00 0 . 00 0 . 00 

Flock B ,  female , twin and older dam e f fects have the same magnitude a s ,  but oppos ite sign t o ,  the Flock A ,  mal e ,  

single and 2-yr dam e f fects 

B ased on analysis in the arcsine form but detransformed (X) 
w 
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Tab l e  1 . 4 . 34 Perc entages of f i bre type arrays accord i ng to pos i t i on 

and f l ock 

F l oc k  Array SH MS BR WH BK RP SP BL  

PO  4 . 2  

P 1  5 . 6  6 . 9  5 . 6  4 . 2  1 2 . 5  1 .  4 1 .  4 

A P2  1 1 .  1 6 . 9  1 6 . 7  1 9 . 4  1 3 . 9  1 9 . 4  1 .  4 1 .  4 

P3 7 6 . 3 80 . 6  7 0 . 8 70 . 8  73 . 6  80 . 6  72 . 2  8 1 . 9  

s ad d l e  7 . 0  5 . 6  6 . 9  1 .  4 25 . 0  1 5 . 3  

PO 

P1 9 . 7 8 . 3 6 . 9  9 . 7 

B P2  1 4 . 0  4 . 2  1 9 . 4  1 1  . 1 

P3 69 . 4  80 . 6  7 3 . 6  7 7 . 8  

s ad d l e  6 . 9  6 . 9  1 .  4 
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Tab l �  1 . 4 . 35 Corre l a t i ons between shoul der and mid- s i de b i rthcoat trai ts (pool ed over sexes and f l ock s ) . 

ARY HH SSA SSA ' SSB SS SK P re . CT HTCT1 HTCT2 HTCT CT1 CT2 CT 

ARY 

HH -0 . 03 

0 . 02 

SSA -0 . 03 -0 . 1 1  

-0 . 1 8  -0. 03 

SSA ' 0 . 1 6  0 . 1 3  0 . 06 

0 . 1 7  0 . 08 0 . 1 6  

SSB 0 . 52 0 . 08 -0 . 1 6  0 . 26 

0 . 5 1 0 . 02 - 0 . 21 0. 20 

ss 0 . 32 0 . 03 0 . 65 0 . 43 0 . 62 

0 . 20 0 . 01 0 . 65 0 . 49 0 . 54 

SK 0 . 5 1  -0 . 05 -0 . 1 0  0 . 05 0 . 27 0 . 1 2  

0 . 44 -0 . 1 4  -0 . 1 7  0 . 04 0 . 1 5  -0 . 03 

Pre . CT 0 . 3 1  0 . 4 7  0 . 52 0 . 4 2  0 . 60 0 . 9 1  0 . 20 

0 . 25 0 . 48 0 . 50 0 . 49 0 . 52 0 . 87 0 . 09 

HTCT1 -0 . 34 - 0 . 0 5  0 . 02 -0 . 1 6 -0 . 39 -0 . 23 -0 . 31 -0 . 25 

-0 . 31 0 . 1 2  0 . 1 1  0 . 00 -0 . 24 -0 . 1 0 -0 . 4 3  -0 . 09 

HTCT2 -0 . 1 7  0 . 05 - 0 . 08 -0 . 1 8 -0 . 1 2  -0 . 20 -0 . 1 3 -0 . 1 8  -0 . 28 

-0 . 1 3  -0 . 03 0 . 06 -0 . 09 -0 . 1 0 -0 . 01 -0 . 1 5 -0 . 04 -0 . 33 

HTCT -0 . 42 -0 . 01 -0 . 06 -0 . 24 -0 . 42 -0 . 35 -0 . 44 -0 . 36 0 . 54 0 . 66 

- 0 . 36 0 . 1 0  0 . 1 6  -0 . 05 -0 . 24 -0 . 05 - 0 . 56 -0 . 08 0 . 60 0 . 57 

CT1 0 . 33 -0 . 1 2  -0 . 1 6 0 . 01 0 . 23 0 . 04 0 . 52 0 . 07 -0 . 34 -0 . 27 -0 . 53 

0 . 38 -0 . 21 - 0 . 23 0 . 06 0 . 1 3  - 0 . 1 0  0 . 59 0 . 20 -0 . 37 -0 . 24 - 0 . 56 

CT2 0 . 01 -0 . 1 4 -0 . 07 -0 . 01 -0 . 1 1  -0 . 1 4  - 0 . 0 7  -0 . 21 -0 . 1 9  -0 . 45 - 0 . 52 

-0 . 09 -0 . 1 2  -0 . 1 8  -0 . 23 -0 . 1 0  -0 . 26 -0 . 04 -0 . 31 -0 . 24 -0 . 4 1 -0 . 54 

CT 0 . 24 -0 . 1 9  -0 . 24 0 . 00 0 . 07 - 0 . 1 3  0 . 26 -0 . 1 8  -0 . 39 -0 . 58 -0 . 85 

0 .  2 1  -0 . 26 -0 . 35 -0 . 1 8 -0 . 01 -0 . 35 0 . 3 7  -0 . 38 -0 . 48 -0 . 55 - 0 . 89 

Corre l a t i ons are arranged i n  descend i ng order of pos i t i on s  SH and MS r espect i ve l y .  

r>0 . 236 ( p<0 . 05 ) ,  r>0 . 307 ( p<0 . 01 ) .  

-0 . 30 

-0 . 27 

0 . 45 0 . 79 

0 . 46 0 . 74 
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that the  proport i on of each was as soc i ated wi t h  a h i gh proport i on of 

tot a l  Pre-CT f i bre s .  However , the  proport i on of SK f i bres was on l y  

weak l y  correl ated wi th Pre-CTs , probab l y  because  SK f i bres were 

present  i n  so few s amp l es .  

H i gh proporti ons  of SSB and SK f i bres wer e  as soc i ated wi th l ow 

proport i ons  of HTCT , p art i cu l a r l y  co arser HTCT f i bres ( HTCT1 ) . More 

SK f i bres we re found to be as soc i ated wi th more CTs , pres umab l y  

because  fol l i c l es dest i ned to produce  f i bres w i th c ur ly- t i ps d i d  not  

have the  s ame tende ncy to  prod uce  med u l l a  c e l l s .  
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1 . 4 . 4  B i rthcoat-Adu l t F l eece Rel at i on s h i ps 

Perhaps  the outst and i ng poi nt i n  Tab l es 1 . 4 . 36 and 1 . 4 . 37 i s  that  

the  b i rthcoat trai ts are on ly  poor l y  re l ated to f l eece tra i ts i n  

D rysda l es .  Th i s  i nd i cates that b i rth coat tra i t s  are i neffi c i ent  as an  

a i d  to  ear l y  se l ect i on for var i ous  f l eece tra i ts . Part l y  th i s  i s  a 

ref l ect i on of  the  u n i formi ty of the b i rthcoat and of  the adu l t  f l eeces 

i n  these s h ee p .  I f  the f l ock  had been part-Drysda l e  and part-Romney 

i n  or i g i n  and therefore l i ke  the genotypes that Dry worked wi th i n  h i s 

e ar l y  days , the  corre l at i ons  wou l d  probab l y  be far stronger . 

Kemp score surpr i s i ng l y  was negat i ve l y  correl ated wi th t h e  

p roport i on of  HHs  i n  F l oc k  A and  pos i t i ve l y  a s soc i ated wi th t he  

proport i on of SK fi bres . Th i s  may be beca use  kemps are more v i s i b l e  

when  the  other f i bres i n  the  f l eece are fi ne . I n  kemp s ucces s i on 

s t ud i es i t  h a s  been s hown that HH  f i bres are freq uent ly  s uc ceeded by 

kemps ( Ross  a nd Wr i ght , 1 954 ; Gu i rg i s ,  1 96 7 ;  E l g abbas ,  1 97 8 ;  Gu i rg i s  

e t  a l . ,  1 97 9 a ,  b ) and i t  h as been s uggested that h av i ng more  SK f i bres 

wou l d  l ead to fewer kemps . 

I n  F l oc k  A ,  hand l e  was  reason ab l y  i ndepende nt  of the  f i bre types  

but  i n  F l ock  B softness  was as soc i ated wi th more SSB  and CT f i bres as  

we l l as fewer SSA and HTCT1 f i bres . 

H i g h  med u l l at i on i ndex , as expected , was corre l ated wi th coarser 

arrays part i cu l ar ly  i n  F l oc k  B i n  wh i ch med u l l at i on i ndex tended to 

i nc rease as SSA and HTCT f i bres i nc reased and SSB  a nd CT f i bres dec­

reased . S i mi l ar resu l ts were obta i ned by Stephenson  ( 1 956 ) . 

Co l o u r  measurements  were assoc i ated l oose l y  wi th b i rthcoat tra i ts  

p roba b l y  through  i ncreased refl ect ance from more med u l l ated wool . 

I n  F l oc k  A stap l e l ength was negat i ve l y  as s oc i ated wi th the  

p roport i on of  HTCT2 f i bre s ,  probab l y  growi ng  i n  e ar l y  secondary fo l ­

l i c l e s ;  a n  exp l anat i on for t h i s  i s  d i ff i cu l t  t o  f i n d . N o  exp l anat i on 

h as been found for the tende ncy of  f i ne  arrays to b e  assoc i ated wi th  

h i gher  c l ean  scoured y i e l d .  

I n  F l oc k  A c l ean  and greasy prod uct i on per u n i t area and f l eece 

we i gh t  were pos i t i ve l y  correl ated to the proport i on of H H  f i bres . 



Table 1 . 4 . }6 Correla t ions between averages of third shearing traits and bi rthcoat t r a i t s  taken from Sit and MS posi t i ons in F l ock A (pooled over sexes ) .  

ARY 

HH 

SSA 

SSA' 

sso 

ss 

SK 

Pre. CT 

HTCT1 

HTCT2 

HTCT 

CT1 

CT2 

C T  

K S  

-0.08 

0 . 00 

- 0 . 39 

-0 . 38 

-0 . 03 

-0 . 2 7  

-0 . 1 2  

-0 . 02 

-a.a2 

-a . 1 8  

-0.08 

-0 . } 1  

0 . 2a 

a . 2 6  

-0 . 1 7  

-0 . 35 

- a . 26 

-0.34 

a . 04 

0 . 04 

-0 . 1 4  

-a . 2B 

0 . 4 2  

a . 46 

-0 .02 

0 . 1 1  

a . 1 7  

a .  39 

HG 

-a.a2 

-0 . 1 3  

a . 1 5  

a . 1 4 

0 . 02 

0 . 07 

-0 . 1 7  

- 0 . 39 

0 . 07 

0 . 1 7  

-a.aJ 

o . a2 

-0 . 32 

-0. 1 5  

0 . 05 

0 . 06 

-0 . 0 3  

-0 . 04 

a . 08 

-0 . 04 

0 . 06 

-O.a3 

-0 . 1 1  

-a . 1 8  

0 . 00 

0 . 1 7  

-0 . 05 

o . a2 

fll 

-a . 2a 

-0 . 07 

0 . 1 5  

0 . 1 5 

0 . 24 

0 . 22 

0 . 29 

0 .  26 

a . a6 

- 0 . 01 

0. 25 

o. 25 

-0 . 1 1  

-0 . 1 5  

0 .  25 

0. 24 

0 . 1 8  

o .  2 1  

-0 . 1 8  

0 . 04 

0 . 01 

0 . 1 9 

- 0 . 2 1  

- 0 . 2 3  

-0 . 02 

-0 . 24 

-0 . 09 

-0 . 33 

GCG 

0 . 05 

-0 . 01 

-0 . 04 

0 . 03 

0 . 06 

-0 . 1 0  

0 . 1 7  

0 . 02 

0 . 1 2  

0 . 00 

0 . 1 4  

-0.09 

0 . 00 

- 0 . 00 

0 . 1 4  

-0 .06 

0 . 00 

-0 . 03 

0 . 04 

0 . 09 

-0 . 0 7  

0 . 06 

0 . 1 1  

-0 . 1 0  

-0 . 1 U  

-0 . 03 

-0. 1 0  

- 0 . 00 

SCG 

- 0 . 26 

-0 . 1 4  

-0 . 1 9  

-0 . 34 

0 . 06 

-0 . 09 

0 . 1 4  

- 0 . 1 1  

- 0 . 07 

-0 . 1 1  

- 0 . 0} 

- 0 . 2 1  

-0 . 1 5  

0 . 05 

- 0 . 06 

- 0 . 28 

-0.08 

-0 . 1 9  

0 . 08 

0 . 09 

0 . 02 

- 0 . 09 

0 . 1 2  

0 . 1 3  

- 0 . 09 

0 . 1 4  

- 0 . 02 

o. 23 

-0 . 1 1  

-0 . 2 1  

-0.06 

-0.09 

0.23 

-0.05 

o .  29 

0 . 09 

0 . 1 7  

-0 . 1 2  

0 . 28 

-0.07 

- 0 . 01 

-0.01 

0.  24 

-0 . 1 0  

0 . 1 0  

0 . 02 

-0 . 0 1  

0 . 1 6  

0 . 07 

0 . 1 5  

- 0 . 05 

-0. i O  

-0 . 24 

-0 . 1 0  

-0 . 24 
- 0 . 1 3  

-0 . 1 2  

- 0 . 2 2  

- 0 . 06 

-0 . 09 

0 . 2 2  

-0 . 06 

0. 28 

0 . 08 

0 . 1 6  

-0 . 1 4  

0 .  27 

- 0 . 09 

0 . 00 

-0.02 

0 . 24 

-0 . 1 2  

0 . 1 1  

0 . 03 

-0.02 

0 . 1 6  

0 . 07 

0 . 1 5  

- 0 . 05 

-0 . 1 0  

-0 . 23 

-0 . 09 

- 0 . 2 3  

-0. 1 )  

-0 . 1 8 

-0 . 1 0  

-0 . 1 0  

-0 . 2 1  

0 . 1 9  

-0 . 09 

0. 24 

0 . 01 

0. 1 3  

-0 .OB 

0 . 4 1  

-0. 1 3  

-0 . 1 1  

0 . 03 

0 . 1 7  

-0 . 1 8  

0 . 02 

-0 . 1 0  

-0 . 03 

0 . 09 

0 . 01 

0 . 01 

0.05 

0 . 02 

-a . 1 8  

0 . 03 

-0 . 14 

a . 05 

Y-Z 

a . 1 8  

0 . 09 

0 . 05 

0 . 32 

-0 . 1 3  

0 .  09 

-0 . 1 2  

0 . 06 

-a . 05 

- 0 . 02 

-a . 1 0  

0 . 1 3  

0 . 1 9  

-a.07 

- 0 . 06 

0 . 20 

0 . 1 3  

a .  24 

0 . 04 

0 . 03 

o . ou 

0 . 1 9  

- 0 . 1 6  

-0. 1 7  

a . 06 

-0 . 1 0 

-0 . 02 

- 0 . 26 

STL 

-0.04 

0 .  20 

0 . 03 

- 0 . 0 1  

0 . 1 8  

o . oo 

0 . 1 9  

0 . 1 3  

o .  23 

o. 29 

0 . 30 

0 . 24 

-0 . 1 2 

- 0 . 06 

0 . 26 

0 . 2a 

-0 . 07 

0 . 1 6  

-0 . 36 

- 0 . 24 

-0 . 30 

-0.04 

o . oo 

-0.01  

0 .  23 

- 0 . 04 

0 . 70 

-O . Ott 

YLO 

0 . 2 6  

0 . 24 

-0 . 1 4  

0 . 1 5  

0 . 1 7  

-0 .09 

-0 . 01 

0 . 1 2  

0 . 23 

0 . 1 6  

0.  24 

0 . 01 

0 . 25 

0 . 1 6  

0 . 1 5  

0 . 08 

0 . 02 

0 . 04 

-0 .03 

0 . 1 1  

-0 . 01 

0 . 1 3  

o . oo 

0 . 05 

-0 . 1 4  

- 0 . 29 

-0.09 

-0 . 22 

GWA 

0 . 1 7  

0 . 1 8  

o .  25 

0.  33 

-0 . 1 0  

- 0 . 06 

-0 . 00 

0 . 01 

0 . 1 1  

-0 . 0 5  

0 . 02 

0 . 09 

-0.08 

-0 . 0 1  

0 . 08 

0. 1 7  

-0 . 1 3  

0 . 06 

0 . 06 

0 . 04 

-0.02 

0 . 09 

-0 . 0 1  

- 0 . 0 1  

0 . 04 

-0. 1 6  

0 . 02 

-0 . 1 5  

Correlotiono ore o r r �ngcd i n  descendlng ortlcr o f  po:d l i onu 511 und MS rer;pec t i vel y .  r>0. 2J6 ( p< 0 . 05 ) ,  r>U.J07 (p<0 . 0 1 ) .  

CWA 

0 . 2 3  

0 . 24 

0. 1 7  

0 . 30 

-0 . 04 

0 . 00 

0 .  05 

0 . 03 

0 . 1 5  

0 . 07 

0 . 09 

0 . 00 

0 . 02 

0 . 0 3  

0 . 1 1  

0 . 1 6  

-0 . 1 0  

0 . 08 

0 . 05 

0 . 09 

- 0 . 0 1  

0 . 1 4  

0 . 00 

-0 . 01 

-0 . 01 

.. o .  24 

-0 . 03 

-0 . 22 

LG 

0 . 2 7  

0 . 1 7  

- 0 . 04 

-0 . 07 

-0 . 07 

0 . 03 

- 0 . 2 2  

-0 . 04 

-0.02 

0 .04 

-0 . 1 0 

0 . 02 

0 . 06 

0 . 1 4  

-0.09 

0 . 02 

- 0 . 20 

-0 . 2 3  

- 0 . 03 

- 0 . 02 

-0 . 1 0  

-0 . 1 3  

0 .  20 

0 . 1 8  

0 . 1 2  

n. O'• 

0 . 1 7  

0 . 1 4 

BUL 

-0 . 29 

- 0 . 2 5  

- 0 . 04 

- 0 . 09 

-0.08 

-0. 1 0  

0 . 06 

-0 . 1 8  

-0. 37 

-0 . 1 7  

-0 . 1 7  

-0 . 24 

0 . 02 

0 . 01 

-0 . 1 5  

-0 . 2 3  

0 . 00 

-0.08 

0 . 09 

0 . 05 

0 . 08 

- 0 . 07 

0 . 03 

0 . 03 

-0 . 07 

o. 1 7  

-0 . 04 

0 . 1 7  

RES 

-0.24 

-0 . 26 

- 0 . 03 

-O.a8 

-0 . 1 4  

-0.08 

-0.02 

-0 . 23 

-0 . 30 

- 0 . 20 

-0.26 

-0 . 2 5  

0 . 05 

0 . 05 

-0 . 22 

-0.24 

0 . 03 

-0 . 1 1  

0 . 05 

-0 . 01 

0 . 04 

-0 . 1 4 

0 . 1 0  

0 . 1 2  

0 . 02 

0 . 1 9  

0 . 06 

0 .  24 

GFW1 

-0.02 

-0 . 04 

0 . 1 8  

0 . 30 

- 0 . 31 

-0 . 1 0  

-0.06 

-0 . 1 8  

-0. 23 

-0. 1 6  

-0 . 32 

- 0 . 25 

- 0 . 04 

-0 . 1 5  

-0. 23 

-0. 1 )  

0 .  38 

0 . 2 1  

0 . 3 1  

0 . 2 0  

0 . 4 6  

o . JJ 

-0 . 37 

-0. 37 

-0 . 2 1  

-0 . 02 

-0 . 34 

- 0 . 24 

GFW3 

- 0 . 02 

-0. 1 1  

0.  20 

0 . 32 

-0. 04 

-0 . 04 

0 . 05 

0 . 05 

- 0 . 09 

-0 . 2 0  

-0.03 

-0.07 

-0. 08 

-0 . 1 4  

0 . 02 

0 . 02 

0 . 06 

0 . 09 

0 . 05 

0 . 07 

0 . 05 

0. 1 1  

-0 . 1 5  

-0 . 1 6  

0 . 03 

0 . 02 

- -0.05 

- 0 . 09 

CFW3 

0 . 04 

-0.05 

0 . 09 

O . JJ 

-a.01 

- 0 . 08 

0 . 04 

0 . 07 

-0.04 

- 0 . 1 5  

0 . 02 

-0.07 

-0.03 

-0 . 1 0  

0 . 04 

0 . 03 

0 . 08 

a . 1 1  

0 . 05 

0 . 1 1  

0 . 07 

0 . 1 5  

-0 . 1 3  

-0. 14 

- 0 . 02 

-0 . 07 

-0.00 

-0. 1 5  (X) 
(X) 
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Table 1 . 4 .)7 Correlations between averages of the third shearing traits and birthcoat traits taken 
from SH end MS posi t i ons in Flock B ewes. 

KS HG Ml GCG SCG y Y-Z STL YLD GWA CWA LG BUL RES 

ARY -0 .05 0 . 2 9  -0 . 55 0 . 1 1  0 . 04  -0. 33 -0 . 33 -0.24 0 . 06 -0 . 1 5  0 . 01 -0 . 1 4 -0 . 1 4  0 . 2 7  -0 . 22 -0. 01 
-0 . 1 3 0 . 1 5  -0 . 36 0 . 08 0 . 08 -0 . 2 5  -0 . 25 -0 . 1 7 0 . 03 0 . 27 0 . 38 0 . 06 0 . 20 0 . 1 2  -0. 25 -0 . 1 0  

HH 0 . 1 1  0 . 1 8  0 . 1 3  0 . 1 2  0 . 1 6  0 . 1 6  0 . 1 6  0 . 1 6  -0 . 1 1  -0 . 1 3 0 . 1 1  -0 . 25 -0 . 20 -0 . 02 0 . 02 -0 . 03 
0 . 1 1 0 . 1 0  -0 . 05 -0 . 1 1 -0.08 - 0 . 26 -0 . 26 -0 . 24 0 . 1 6  -0 . 1 5  0 . 1 2  -0 . 1 0 -0 . 06 -0 . 0 7  -0 . 09 -0 . 04 

SSA 0 . 24 -0.40 0 .4 1  0 . 1 3  0 . 1 5  0 . 52 0 . 5 3  0 . 4 1  -0 . 1 6  0 . 1 2  -0 . 01 0 . 1 8  0 . 1 7  -0 . 2 6  0 . 28 0 . 1 0  
0 . 1 5  -0 . 2 5  0 . 41 -0 . 02 0 . 1 6  0 . 30 0 . 30 0 . 2 7  -0 . 1 7 0 . 02 -0 . 03 0 . 09 0 . 07 -0 . 33 0 . 1 5  -0 . 05 

SSA' 0 . 24 -0 . 27 -0 . 1 3  0 . 00 0 . 1 0  0 . 20 0 . 2 1  0 . 1 3  - 0 . 01 -0 . 01 0 . 03 0 . 1 6 0 . 1 8  -0.03 0 . 23 0 . 30 
0 . 05 -0 . 1 7  -0 . 07 0 . 09 -0 . 1 9  0 . 00 0 . 00 -0 . 1 2  0 . 26 -0. 22 -0 . 1 0  -0 . 26 -0 . 28 -0 . 23 0 . 33 0 . 32 

SSB -0.03 0 . 38 -0 . 36 0 . 20 0 . 09 -0 . 2 3  -0.24 -0.09 -0 . 1 2  -0 . 04 0 . 08 -0 . 25 -0 . 23 0 . 2 8  -0 . 28 -0. 1 7  
-0 . 29 0 . 29 -0 . 4 3  0 . 25 0 . 1 1  - 0 . 2 3  -0 . 2 3  -0 . 1 0  -0 . 1 0 0 . 26 0 . 30 0 . 00 0 . 1 1  0 . 2 8  -0 . 32 -0 . 1 8 

SS 0 . 2 7  -0 . 09 0 . 04 O . JJ 0 . 2 6  0 . 37 0 . 37 0 . 36 -0 . 26 0 . 06 0 . 1 1  -0 . 03 0 . 01 -O . OJ 0 . 1 4 0 . 06 
-0 . 1 0 0 . 02 0 . 01 0 . 24 0 . 1 9  0 . 07 0 . 07 0 . 1 2  -0 . 1 6  0 . 1 3  0 . 2 1  -0 . 03 0 . 04 -0. 1 6  -0 . 01 -0 . 1 0 

SK 0 . 06 0 . 3 1  -0 . 30 0 . 1 5 -0 . 01 -0 . 1 4 -0 . 1 4  -0 . 1 1  0 . 05 -0 . 24 0 . 2 3  -0 . 1 8 -0 . 1 0  0 . 1 0  -0 . 0 7  0 . 00 
0 . 02 0 . 1 2  -0 . 1 0  0 . 1 2  0 . 01 -0.09 -0.09 -0.07 0 . 04 -0 . 05 0 . 26 -0 . 05 0 . 04 O . OJ -0 . 1 9  -0 . 1 5  

Pre.  Cl 0 . 32 0 . 00 0 . 08 0 . 37 0 . 30 0 . 40 0 . 40 0 . 39 -0 . 29 0 . 00 0 . 1 9  -0 . 1 8 -0 . 1 1  -0 . 05 0 . 1 6  0 . 06 

-0 . 04 0 . 08 - 0 . 0 5  0 . 23 0 . 1 3  -0 . 1 1  -0 . 1 1  -0.06 -0 . 03 0 . 02 0 . 37 -0 . 1 1  0 . 01 -0 . 1 9 -0 . 1 2  -0 . 1 7  • 

HTCT1 -0 . 1 3  -0 . 4 3  0 . 40 -0 . 02 -0 . 1 5  0.21 0 . 22 0 . 07 0 . 1 3  0 . 1 6  -0 . 2 4  0.18 0 . 1 1  -0 . 26 0 . 1 8  0 . 1 2  
0 . 1 7  -0 . 30 0 . 07 -0 . 1 8 -0 . 28 -0 . 1 4 -0 . 1 4  -0 . 1 7  0 . 1 7  0 . 02 -0 . 1 4  0 . 14 0 . 09 -0 . 08 0 . 07 0 . 1 6  

HTCT2 0 . 1 2  0 . 02 0 . 28 -0 . 04 0 . 1 9  
0 . 08 -0 . 08 0 . 40 0 . 1 2  O . JJ 

0 . 1 3  0 . 14 0 . 08 0 . 0 1  -0 . 1 8 -0.06 0 . 07 0 . 03 -0 . 1 6 
0 . 35 0 . 35 0 . 2 6  - 0 . 08 -0 . 09 -0 . 2 3  0 . 14 0 . 05 -0. 36 

0 . 1 2  -0 . 03 

0 . 29 0 . 04 

HTCT -0 . 1 3  -0 . 39 0 . 50 -0 . 1 0 -0 . 04 0 . 21 0 . 2 2  0 . 07 0 . 1 6  0 . 04 -0 . 30 0 . 2 5  0 . 1 5 -0 . 28 0 . 20 0 . 07 
-0 . 1 0 -0 . 30 0 . 32 -0 . 09 -0 . 05 0 . 1 0  0 . 1 0  0 . 02 0 . 09 -0 . 03 -0 . 29 0 . 2 1  0 . 1 1  -0 . 26 0 . 21 0 . 1 4 

C T 1  -0 . 1 3  0 . 2 1  -0 . 1 8  0 . 08 0 . 08 -0 . 23 -0 . 24 -0 . 06 -0 . 1 9  0 . 25 0 . 04 -0.07 -0 . 05 0 . 23 -0 . 36 -0 . 24 
-0.03 0 . 04 - 0 . 02 -0 . 02 0 . 07 0 . 02 0 . 02 0 . 08 -0 . 1 5  0 . 29 -0 . 04 -0.01 -0.02 0 . 27 -0 . 1 8 -0 . 1 1  

CT2 0 . 09 0 . 1 7  - 0 . 3 5  -0 . 1 1  -0 . 1 6  -0 . 1 3  -0 . 1 3  -0 . 1 6  0 . 1 6  -0 . 30 0 . 1 8  -0 . 1 0 -0 . 04 0 . 09 0 . 09 0 . 1 4  
0 . 1 5  0 . 20 -0 . 24 -0 . 05 -0 . 02 -0 . 05 -0 . 05 -0.06 0 . 06 -0 . 24 0 . 2 2  -0.07 0.00 0 . 01 0 . 04 0 . 03 

C T  -0.05 0 . 40 - 0 . 5 8  -0 . 07 -0 . 1 1  -0.42 -0.44 -0 . 26 -O . OJ -0 . 03 0 . 2 1  -0 . 1 8 -0 . 1 1  0 . 36 - 0 . 3 1  -0 . 1 2  

0 . 1 1  0 . 25 - 0 . 2 9  0 . 00 0 . 00 -0 .05 -0 . 05 0 . 01 -0 . 08 0 . 02 0 . 1 5  -0 . 1 4  -0.09 0 . 31 -0 . 1 5  -0 . 07 

Correlations are arranged in descending order of positi ons SH and MS respectively. 
r>0 . 327 ( p< 0 . 05 ) ,  r>0 . 4 1 9  (p<0. 01 ) .  
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S i nc e HHs are the most v i gorou s l y- growi ng f i bres i n  the b i rthco at , 

t he i r presence may be i nd i c at i ve of general  woo l - prod uc i ng a b i l i ty .  

O n  the  other h and , h i gher GFW1  has  been found to be a s s oc i ated wi th 

h i gher  proport i on of HTCT f i bres and fewer CT1 f i bres . 

More bu l ky a nd res i l i ent  f l e eces were prod uced by s h ee p  wh i ch h ad 

coarser  b i rth coat arrays and wh i ch h ad fewer SSB f i bres . 



1 . 4 . 5  Pred i ct i ng Some Th i rd  F l eece Tra i ts From L amb Tra i ts  U s i ng 

Mu l t i p l e  Regres s i on An alys i s  

9 1  

A mul t i p l e  regres s i on st udy was conducted i n  order to s e l ect 

o p t i mal comb i nat i ons of f i rst  shear i ng and b i rthcoat tra i ts to pred i ct 

t h e  average medu l l at i on i ndex , b u l k and f l eece we i ght s i n  the th i rd 

s h e ar i ng .  These  mod e l s wer e  obta i ned from d i fferent body pos i t i on s  

and  are presented i n  Tab l es 1 . 4 . 38 t o  1 . 4 . 41 . The best mode l s  were 

c hosen  on the b as i s  of  ad j u sted R2 ( hereafter referred to as R2 ) .  

Mode l s  of med u l l at i on i ndex a nd b u l k were made wi th i n  f l oc k-sex groups  

( both  sexes i n  F l ock A and F l ock  B ewes ) ,  wh i l e mode l s  of the th i rd 

f l eece we i ght  were presen ted for each sex i n  F l ock  A .  I n  a l l 

pos i t i on s ,  f l ock-sex groups  accounted for 26% and 1 1 % to  the total  

v ar i at i on i n  the  th i rd f l eece medu l l at i on i ndex and  bu l k res pect i ve l y . 

Pred i ct i on eq uat i ons were c hosen  p art l y  o n  the  b as i s of the i r  

r e l i ab i l i ty and p artl y o n  th e b as i s  of the co st  and tec h n i ca l  d i f ­

f i cu l ty of co l l ect i on of data  on  i ndepende nt var i ab l es .  

1 . 4 . 5 .  1 Pred i ct i ng th i rd f l eece med u l l at i on i ndex 

The best data to pred i ct med u l l at i on i ndex of the th i rd shear i ng  

( MI 3 )  were obta i ned from b ac k  ( BK1 ) and shou l der ( SH 1 ) pos i t i ons  i n  

the  f i rst s h ear i ng ( Tab l e  1 . 4 . 38 ) . Meas urements of medu l l at i on i ndex 

i n  the f i rst f l eece were the major factor i n  pred i ct i ng the correspon­

d i ng v a l u e  i n  the  th i rd f l eece . F i tt i ng fi rst  sheari ng medu l l at i on 

i ndex  wi th i n  f l oc k-sex groups  gave R2 va l ues  of 49% ( s hou l der ) , 4 9% 

( back ) ,  40% ( m i d-s i de )  and 35% ( br i tc h ) .  

Add i t i on of kemp score ( from shou l der )  and h and l e  g r ade ( from 

b ack ) to medu l l at i on i ndex i n  the  mode l  appeared u seful  desp i te the  

smal l R2 va l u e s  obt ai n ed wh e n  KS  ( 28% ) and  HG  ( 25% ) were f i tted 

separate l y  wi th i n  f l oc k - s ex groups . Thus  the regress i on eq uat i on s  

wh i ch were most u s eful  i n  pred i ct i ng M I 3 were 

M I 3  = 9 . 1 5  + 0 . 45 MI ( SH 1 ) + 1 . 84 KS ( SH 1 ) 

or M I 3  = 9 . 35 + 0 . 49 M I  ( BK1 ) + 1 . 20 HG ( BK1 ) .  



T ab l e  1 . 4 . 38 Mu l t ipl e regress i on model s to pred i c t third shearing 

medu l l a t i on i ndex from l amb tra i ts  w i th i n  f l oc k - s ex 

groups . 

Pos i t i on Opt i ma l  Mode l s Adj usted R2 

Shou l de r  1 1 4 . 55 + 0 . 44 M I  

2 1 6 . 44 + 0 . 44 M I  

3 1 8 . 2 1  + 0 . 45 MI  

4 9 . 1 5  + 0 . 45 MI  

M i d- s i de 1 9 . 07 + 0 . 33 MI  

2 1 6 . 20 + 0 . 34 MI  

3 1 1 . 9 3 + 0 . 34 MI  

B r i tch  6 . 53 + 0 . 26 M I  

2 8 . 34 + 0 . 26 MI  

B ack 1 6 . 35 + 0 . 48 MI  

2 6 . 34 + 0 . 49 MI  

3 1 1 . 1 0  + 0 . 46 MI 

4 9 . 35 + 0 . 49 MI 

S SA
P 

presence of SSA 

SSB
P 

presence of SSB 

- 5 . 05 SSAP + 1 . 93  KS 0 . 54 

- 5 . 07 SSA
P + 0 . 1 6  HH% 0 . 52 

- 4 . 82 SSA
P 

0 . 52  

+ 1 . 84 KS 0 . 5 1 

+ 3 . 06 SSB
P 

+ 0 . 1 6  SS% 0 . 46 

+ 2 . 6 7 SSB
P 

- 0 . 33 STL 0 . 45 

+ 2 . 78 SSB
P 0 . 44 

+ 2 . 88 SSB + p 0 . 24 Pre-CT% 0 . 42 

+ 2 . 86 SSB
P 

+ 0 . 22 SS% 0 . 4 1 

+ 2 . 82 SSB
P 

+ 0 . 1 9  SS% 0 . 56 

+ 2 . 20 SSB P + 1 . 22 HG 0 . 54 

+ 2 . 1 8  SSB P 0 . 52 

+ 1 . 20 HG 0 . 50 

92 



Tab l e  1 . 4 . 39 Mul t i p l e regress i on model s to pred i ct thi rd shearing 

bulk from l amb tr a i ts wi th i n  f l ock - sex groups . 

93  

Pos i t i on Opt i mal Mode l s  Adju sted R2 

Shou l der 1 4 . 1 3 - 0 . 46 HG  + 0 . 48 RES + 0 . 24 X 0 . 30 

M i d - s i de 1 9 . 1 0  + 0 . 40 BUL  + 0 . 70 KS  + 0 . 1 3  STL 0 . 3 1 

2 1 0 . 7 2 + 0 . 40 BUL  + 0 . 76 KS  0 . 30 

B r i  tc h 1 1 4 . 7 7 + 0 . 28 BUL  - 0 . 57  HG + 0 . 53 KS 0 . 28 

2 1 5 . 4 7 + 0 . 29 BUL  - 0 . 74 HG  + 0 . 3 1 GCG 0 . 28 

B ack 1 1 1  . 90 - 1 . 01 HG + 0 . 59 y - 0 . 4 1 z 0 . 28 

2 1 6 . 62 - 0 . 73 HG  + 0 . 23 BUL + 0 . 1 6  STL 0 . 2 7 
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1 . 4 . 5 . 2  Pred i ct i ng t h i rd f l eece bu l k  

A l l mode l s  t o  pred i ct bu l k  i n  the th i rd sheari ng were i neffi c i ent  

( Tab l e 1 . 4 . 39 ) . F i rst f l eece bu l k ,  wi th i n  f l ock-sex grou ps , 

contro l l ed most of  t h e  v ar i at i on i n  the  th i rd f l eece bu l k  on MS ( 26% ) , 

BR ( 20% ) and BK ( 2 1 % )  pos i t i on s .  I n  F l oc k  A ,  b u l k  of the th i rd f l eece 

h ad corre l ati ons  of on l y  0 . 35 and 0 . 29 w i th the fi rst  f l eece bu l k  on 

s hou l der  and mi d- s i de pos i t i on s .  The correspond i ng v a l ues  were 0 . 22 

a nd 0 . 63 i n  F l oc k  B ( see Append i x  2 ,  Tab l es A5 a nd A6 ) .  

1 . 4 . 5 . 3  Pred i ct i ng f l eece we i ghts ( GFW3 and CFW3 ) 

Mode l s based on s ho u l der ( for rams ) and b ac k  data ( for ewes ) gave 

the  best pred i ct i on for GFW3 and CFW3 . Mode l s  based on  other 

pos i t i on s  h ad l ower R2 v a l ues  part i cu l ar l y  i n  ewe s .  

Tab l e  1 . 4 . 40 shows the mode l  i nc l ud i ng HH% together wi th X and Z 

ref l ectances  wh i ch best  pred i cted GFW3 and CFW3 i n  the ram d a t a .  

F i tt i ng the  percentage of  HH f i bres a l one  gave R2 va l ues  of  1 9% ( GFW3 ) 

and 1 1 %  ( CFW3 ) .  Heav i er f l eece we i ght and h i gher HH% may both ref l ect 

more v i gorou s l y- growi n g  fol l i c l e s .  

F i tt i ng X ,  Z o r  GFW1 separate l y  gave neg l i g i b l e  control  of GFW3 

and CFW3 ( R2 0%-4% ) , b u t  f i tt i ng X and Z together accounted for more 

v ar i at i on ( R2 i n  GFW3 25% and i n  CFW3 32% ) . Omi tt i ng GFW1 from the  

mode l h ad no  effect on  R2 and  when i t  was  i nc l uded the  p art i a l 

regres s i on coeffi c i en t  was negat i ve .  GFW1 showed correl at i ons  of 0 . 05 

and 0 . 2 7 wi th GFW3 i n  ewes and rams respect i ve l y .  The correspond i ng 

v a l ues  for CFW3 were 0 . 03 and 0 . 24 .  

The pos i t i ve part i a l  regress i on o f  f l eece we i ght o n  X v a l u e  

i nd i cates  a n  assoc i at i on wi th bri ghtnes s . The negat i ve p art i al 

regres s i on on Z v a l u e  s uggests that  h e av i er f l eece we i ght i s  

a s soc i ated wi th yel l ower scoured woo l  on the  s h o u l der pos i t i on .  On  

the  other  h and Tab l e  1 . 4 . 4 1 i nd i cates that heav i er f l eece we i ght i s  

a s soc i ated wi th h i gher  GCG ( wh i ter wool ) on the  b ack pos i t i on .  These  

confl i ct i ng res u l t s  i n  the  d i fferent s i tu at i ons  defy r at i on al 

exp l a n at i on .  
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Tab l e  1 . 4 . 40 M u l t i p l e  regress i on model s to pred i c t GFW3 and C FW3 

from shoulder l amb tra i ts w i th i n  F l ock A rams . 

Opt i ma l  Mode l s 

G FW3 - 1 . 47 + 0 . 04 HH% + 0 . 1 4  X - 0 . 09 Z 

- 1 . 87 + 0 . 05 HH% + 0 . 1 6  X - 0 . 1 0  Z - 0 . 1 5  GFW1 

CFW3 - 1 . 9 1 + 0 . 04 HH% + 0 . 1 5  X - 0 . 1 0  Z - 0 . 1 4  GFW1 

- 1 . 53 + 0 . 03 HH% + 0 . 1 4  X - 0 . 09 Z 

Adj u sted R2 

0 . 49 

0 . 49 

0 . 49 

0 . 49 

Tab l e  1 . 4 . 4 1 M u l t i p l e regress i on model s to pred i c t GFW3 and CFW3 from 

back l amb trai ts wi th i n  F l oc k  A ewes . 

Opt i ma l  Mode l s  Adj usted R2 

GFW3 -4 . 70 + 0 . 22 BUL + 0 . 22 HG  + 0 . 53 GCG - 0 . 02 M I  0 . 46 

- 7 . 09 + 0 . 20 BUL + 0 . 56 GCG - 0 . 02 M I  + 0 . 04 YLD 0 . 46 

-4 . 60 + 0 . 20 BUL + 0 . 20 HG  + 0 . 50 GCG  0 . 45 

C FW3 -6 . 43 + 0 . 1 5  BUL  + 0 . 52 GCG - 0 . 02 M I  + 0 . 04 YLD  0 . 49 

- 5 . 72 + 0 . 1 3  BUL + 0 . 50 GCG + 0 . 03 YLD  0 . 46 

-3 . 70 + 0 . 1 5  BUL  + 0 . 5 1 GCG + 0 . 1 6  H G - 0 . 0 1 MI  0 . 44 

-3 . 63 + 0 . 1 4  BUL + 0 . 49 GCG + 0 . 1 4  H G  0 . 44 
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The  mod e l  i nc l ud i ng bu l k as  we l l as subject i ve est i mates of  

h and l e  and  greasy co l our seems the most conven i ent  to pred i ct GFW3  and  

CFW3 i n  ewe data  ( Tab l e  1 . 4 . 41 )  de s p i te the  R2 va l ue be i ng s l i ght l y  

l es s  t h an the h i g hest  R2 v a l ues  obt a i ned . The s l i ght i mprovement i n  

R2 res u l t i ng from i nc l ud i ng M I  and YL wou l d  not p ay for the extra  work 

and cost  i nvo l ved i n  est imat i ng these t ra i ts . 

F i tt i ng f i r s t  f l eece b u l k a l one  accou nted for 28% and 1 9% of the  

var i at i on i n  GFW3 a nd CFW3 . F i rst f l eece bu l k  h ad h i gher corre l at i on s  

wi th GFW3 and C FW3 i n  ewe s ( 0 . 55 ,  0 . 4 7 )  t h an i n  r ams ( 0 . 1 2 ,  0 . 1 0 ) . 

The correspond i ng va l ues  for greasy co l o u r  grades were 0 . 28 and  0 . 38 

i n  ewes and 0 . 0 1 a nd -0 . 01 i n  rams . H e av i er f l eece we i ght was found 

to be as soc i ated wi th h i gher bu l k ,  l ower MI  and softer hand l e .  

I t  i s  d i ff i c u l t  to j u s t i fy the i nc l u s i on of the  factors i n  these  

mode l s  b i o l og i c a l l y  and  th i s  s ug gests that  the  cho i ce  of  these  mode l s  

may b e  due  l arge l y  to chance  assoc i at i on s . 
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1 . 5 CONCLUS I ONS  

B i rthcoat tra i ts  were poor l y  corre l ated wi th the  th i rd f l eece 

tra i ts  wh i ch was probab l y  due to the  u n i f ormi ty of the b i rthcoat and 

the adu l t  f l eece i n  these  s heep . Th i s  i mp l i es that b i rthcoat tra i ts  

are not effi c i ent  i n  pred i ct i ng l ater f l eece tra i ts .  

Phenotyp i c  corre l at i ons  among f l eece tra i ts  were est i mated from 

shou l der  and m i d- s i de pos i t i ons as we l l  as among fl eece averag e s  

ca l c u l ated from a l l pos i t i on s .  These wer e  der i ved wi th i n  e ach  of two 

f l oc k s  and wi th i n  e ach  of the three shear i ngs . On  the bas i s  of f l eece 

averages , KS  was pos i t i ve l y  correl ated wi th BUL ( 0 . 24 to 0 . 64 ) , R ES  

( 0 . 03 to 0 . 48 )  and  tr i st i mu l u s  co l o ur v a l ues  ( 0 . 08 to  0 . 46 ) . Softer 

hand l e  grade ( HG )  was as soc i ated wi th l ower BUL  ( -0 . 22 to - 0 . 66 )  and 

RES ( -0 . 1 6  to  -0 . 53 )  and h i g her LG  ( 0 . 1 0  to 0 . 62 ) . H i gher M I  was 

genera l l y  correl ated wi th h i g her BUL ( -0 . 1 5  to 0 . 49 )  and t r i s t i mu l u s  

co l o u r  va l ues  ( -0 . 01 to  0 . 60 )  and l ower L G  ( -0 . 65 t o  0 . 08 ) . The 

corre l at i ons  of t r i s t i mu l u s co l o ur va l u e s  were h i gher wi th  sco ured 

col o u r  grade ( 0 . 52 to 0 . 92 )  th an wi th greasy col our  grade ; GCG ( 0 . 32 

to  0 . 55 ) . Corre l at i on s  among tr i st i mu l u s  col our  va l ues  were genera l l y  

h i g h ,  part i cu l a r l y  between X and Y ref l ect ances ( 0 . 93 to 1 . 00 ) .  The 

corre l at i ons  of Y-Z were the  h i g hest wi th Z refl ect ance ( -0 . 67 to 

-0 . 92 ) . Greasy and c l ean  woo l  per u n i t  area ( GWA and CWA ) were h i gh l y  

correl ated ( 0 . 93 t o  0 . 96 ) . GFW1 showed a corre l at i on of 0 . 59 w i th GWA 

and of 0 . 56 wi th  CWA . Longer STL was as s oc i ated wi th h i g her GWA ( 0 . 37 

to 0 . 60 ) , CWA ( 0 . 39 to 0 . 60 )  and GFW1 ( 0 . 64 )  and wi th l ower BUL  ( -0 . 01 

to  -0 . 54 ) . BUL  and RES were h i gh l y  corre l ated ( 0 . 82 to 0 . 95 ) .  LG  wa s 

n egat i ve l y  corre l ated wi th BUL  ( -0 . 1 2  t o  -0 . 66 )  and RES  ( -0 . 1 0  to 

-0 . 4 1 ) .  

Pos i t i on was genera l l y  the  mai n s ource of var i at i on for a l l 

tra i ts  stud i ed .  Po ster i or pos i t i on s  had more med u l l ated , k emp i er and 

h ars her hand l i ng wool wi th h i g her b u l k ( BU L )  and res i l i ence  ( R ES ) . 

Genera l l y ,  dors a l  pos i t i on s  produce more wool w i th h i gher kemp score 

( KS ) , BUL ,  RES a nd h ars her h and l e  wh i l e l ateral  pos i t i ons  h ad wh i ter 

wool w i th h i gher  med u l l at i on i ndex ( M I ) and l u stre ( LG ) . 
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Overa l l ,  s ex ,  b i rth rank and age of dam made l i tt l e  contr i but i on 

to the  tota l  var i at i on i n  most tra i ts stud i ed .  However ,  rams h ad 

heav i er t h i rd fl eece we i ghts . S i ng l es prod uced heav i er f i rst  

f l eece we i ght  ( GFW1 ) wi th h i gher BUL  a nd RES than  twi n s . 

offspr i n g  of  o l de r  dams had h i gher L G  and softer woo l . 

greasy 

The 

Shear i ng and f l oc k  effects were i mport ant sources of var i at i on i n  

many t r a i t s .  I n  a l l trai ts , the  rank i ng of pos i t i ons was  not 

cons i stent  among shear i ngs . S i re effects were a l so i mportant i n  KS ,  

MI , B UL , RES  and  stap l e  l ength ( STL ) .  The rank i ng of s i res d i ffered 

among s hear i ngs  and between sexes i n  many trai ts . S i re X b i rth rank 

i nterac t i on was found to be s i gn i f i cant for sever a l  trai ts ; such  

i nterac t i ons  s hou l d be  stud i ed i n  l arger sets  of  data  s i nce they co u l d  

h ave i mportant  i mp l i c at i ons  for genet i c  i mprovement p l ans . 

P l ateau  ( P3 )  was the most common array i n  Drysda l e s amp l es ;  

s i ck l e  f i bres were present i n  few s amp l es .  Coarser arrays were 

assoc i ated wi th  h i g her  proport i on of h a i ry- t i p cur l y- t i p f i bres ( HTCT ) 

and fewer pre-cu r l y  t i p  ( Pre-C T )  and coarser cur l y- t i p ( CT1 ) f i bres . 

GFW1 i ncreased  as HTCT fi bres i ncreased ( 0 . 33 to 0 . 46 )  and CT1 f i bres 

decreased ( -0 . 3 7 ) . B i rthcoat tra i t s were not strong l y  correl ated wi th 

the th i rd f l eece tra i ts . H i gh MI  was a s soc i ated wi th coarser arrays ( -

0 . 07 to  - 0 . 5 5 )  and h i g her proport i on s  of s uper-s i ck l e  A f i bres ( 0 . 22 

to 0 . 41 ) .  F i ner arrays were assoc i ated wi th h i gher y i e l d  ( 0 . 01 to 

0 . 38 ) . I n  o n e  f l oc k ,  s heep wi th a h i gher proport i on of h a l o -h a i r  

f i bres ( HH )  h ad h i g h er GWA ( 0 . 25 t o  0 . 33 ) , CWA ( 0 . 1 7  t o  0 . 30 )  and 

heav i er th i rd f l eece we i ghts ( 0 . 09 to 0 . 33 ) . BUL was assoc i ated wi th 

coarser b i rthcoat arrays ( -0 . 2 2  to -0 . 29 )  and fewer s u per-s i ck l e  B 

f i bres ( -0 . 1 7  to  -0 . 37 ) . 
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CHAPTER 2 

STUDY OF THE SAMPLING POSITIONS IN DR YSDALE SHEEP 

2 . 1  I NTRODUCTION 

An a l ys i ng who l e f l eeces for  var i ous  wool  tra i ts  i s  t i me­

consumi ng , cost l y  and  u s ua l l y  i mposs i b l e  on a l aboratory scal e p ar­

t i cu l ar l y  where l arge n umb ers of  an ima l s are i nv o l ved . Cons i de r i ng 

the  v ar i at i on wi th i n  a f l eec e ,  i t  i s  of paramount i mportance to dec i de 

the  best pos i t i on or  pos i t i ons  from wh i ch to obta i n samp l es for 

test i ng .  

A n umber of i nv e s t i gators h ave s t ud i ed th i s  po i nt .  I n  

R ambou i l l ets ( Schott et a l . ,  1 942 ; Poh l e  et a l . ,  1 943 ) , Mer i no ( Doney ,  

1 959 ; Thorn berry and  Atk i ns ,  1 984 ) and N avajo and cross-bred s heep 

( Grand staff,  1 942 ) i t  was found th at c l ean y i e l d of shou l der or shou l ­

der and mi d - s i de pos i t i on s  gave an accurate e st i mate of  the c l ean  

y i e l d  of  the who l e f l eece . I n  Mer i nos , the mos t re l i ab l e  pos i t i on s  

for stap l e  l engt h ,  c r i mp per i nc h  and yi e l d appeared to be  a l ong  

s hou l der - m i d-s i de - and h i p  reg i ons  ( Lock art ,  1 9 54 ) .  Doney ( 1 959 ) 

i nd i cated that  the m i d - s i de pos i t i on g ave good est i mates of over a l l 

mean stap l e  and fi bre l ength s .  Wh i l e  propos i ng the  mi d - s i de pos i t i on 

as a repres entat i ve for f i bre l ength  and d i ameter est i mati ons , Young 

and Ch apman ( 1 958 )  reported that back and shou l der po s i t i on s  h ave  

stap l e  l engths  s i m i l ar to  the  mean  of  a l l pos i t i on s .  A l s o the  upper 

s hou l der woo l gave e st i mates s l i gh t l y  c l oser to the  mean f i bre l ength  

a nd d i ameter . Ch apman and Young ( 1 95 7 )  s howed that shou l der , m i d-s i de 

and th i gh are s u i tab l e  s amp l i ng pos i t i on s  for the measurements of wool 

product i on .  I n  I nd i a n  breed s ,  Ach arya et al . ( 1 972 ) found that the 

back  pos i t i on i s  the best i nd i cator for f i bre d i ameter , fi bre l ength 

and med u l l at i on percentag e s . S umner and R ev fe i m  ( 1 97 3 )  accepted the  

m i d-s i de pos i t i on to b e  represent at i ve to  the  mea n  f i bre d i ameter i n  

N ew Zeal and R omney f l eece s . A l s o ,  B i g ham e t  al . ( 1 984a ,  b )  stated 

that  m i d-s i de i s  a s u i t ab l e  s amp l i ng pos i t i on for l oose woo l b u l k  and 

co l o u r  mea s urements i n  New Ze a l and  Romney ,  Coopworth and Perend a l e 

s heep . I n  Austra l i an Mer i nos , T urner  et a l . ,  ( 1 9 5 3 ,  c i ted by Turner ,  

1 956 ) recommended t h e  mi d - s i de pos i t i on for " ge neral  p urpose"  

s amp l i ng .  

MI\SSEY UNIVER51T� 
LIBRARY 
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A l l prev i ous  workers  defi ned the best  s amp l i ng pos i t i on as that 

one  wh i ch h as a h i g h  corre l at i on wi th ove r a l l f l eece mean and/or g i ves  

a n  act ua l  v a l u e  c l ose  to th at mean . To  c a l cu l ate the overa l l f l eece 

mean some workers  us ed the average of a l l f i x ed pos i t i ons wh i l e  oth ers  

u sed a random l y-drawn compos i te samp l e  on  the  other s i de of the  s heep . 

U s i ng the aver age from random s amp l es can  avo i d  b i as and 

m i srepresentat i on of the  popu l at i on s i nce  random samp l es g i ve every 

i tem i n  the popu l a t i on an eq u a l  chance to be s e l ected and me as u red . 

Choos i ng the  best samp l i ng pos i t i on i s  of some i mportance i n  

s heep breed i ng programmes .  I n  the present st udy the def i n i t i on of the  

best  samp l i ng pos i t i on was  not s i mp l y  that  i t  shou l d be  representat i ve 

of  the whol e f l eece . The genet i c  contr i b ut i on to var i at i on of tra i ts 

o n  var i ous  pos i t i on s  shou l d  be emph a s i sed s i nce  the se l ect i on wi l l  be 

based on these  assessments of the tra i ts . The phenotyp i c  var i at i on at 

v ar i ous  pos i t i ons sho u l d a l so be con s i de red . The abi l i ty of s uch  a 

po s i t i on to a i d  i n  ear l y  se l ect i on wou l d b e  of adv antage . 

Accord i ng l y ,  the  best  samp l i ng pos i t i on can  be judged i n  terms of 

s i x  cr i ter i a .  I t  s hou l d h ave : 

1 .  h i gh  corre l at i o ns w i th overa l l f l eece means ca l cu l ated from 

r andoml y- c hosen po s i t i on s ;  

2 .  h i g h corre l at i ons wi th  overa l l f l eece me an  ca l cu l ated from f i xed 

pos i t i on s ; 

3 .  act ual  v a l u e  c l ose to the overa l l f l eece  mean ; 

4 .  h i g h genet i c  contr i b u t i on ( s i re var i ance  r at i o  or her i tab i l i ty ) ; 

5 .  h i g h phenotyp i c  var i at i on ;  

6 .  h i gh ut i l i ty i n  pred i ct i ng l ater f l eece tra i t s . 

Wh i l e  there i s  a l i tt l e  i nformat i on ava i l ab l e  on the f i r s t  three 

cr i teri a there i s  no  pub l i shed i nformat i on on the l ast three . I n  the  

present  mater i a l it  was  not  pos s i b l e  to e s t i mate the her i t ab i l i ty or  

genet i c  corre l at i ons  d ue  to  the n umber of s i res i nvol ved (5  s i res  i n  

F l oc k  A and 9 s i res i n  F l ock  B ) .  However , s i re v ar i ance rat i os  a k i n to 

t h e  h er i t ab i l i ty were est i mated . The present  st udy was i n i t i ated to  

exami ne  these  s i x  cr i ter i a  w i th var i ous  woo l  tr a i ts i n  orde r to h e l p 

reach  an overa l l dec i s i on as to the best s amp l i ng pos i t i on to be  u sed 

for breed i ng p u rposes . 
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2 . 2  MATER I ALS AND METHODS 

2 . 2 . 1  R andom Pos i t i ons  Study 

Ten NdNd ewe l amb s were chosen  at random from the Massey 

U n i vers i ty Drysdal e f l ock dur i ng the l amb i ng season i n  September  1 98 1 . 

These  an i ma l s were u sed to prov i de woo l  s amp l es at three shear i ng s  i n  

December 1 98 1 , Apr i l 1 982 and October 1 982 . The number was red uced to 

8 s heep i n  both second and th i rd shear i ng s .  These an i ma l s were r un  

w i th F l ock  A ,  t he  man agement of wh i c h was  descr i bed i n  C hapter 1 .  

The day before shear i ng ,  woo l  samp l es were col l ected us i ng Oster 

e l ectr i c  c l i p pers wi th s i z e  40 b l ades . The shou l der , mi d - s i de ,  br i tch  

and  back pos i t i ons ( f i x ed posi t i ons ) were samp l ed from the r i ght -h and 

s i de . O n  the  l eft - h and  s i de , f i ve random pos i t i ons were s amp l ed .  A 

squ are was dr awn on p l a s t i c  mater i a l to cover the sheep 1 s  s i de . That 

s q u are was d i v i ded i nto numbered squares . The numbers of the squ ares 

to  be samp l ed were obt a i ned from a random d i g i ts tab l e ( Snedecor and 

C oc hran , 1 980 ) . The s ame f i ve random pos i t i on s  were samp l ed from a l l 

s heep .  These  random pos i t i ons are shown i n  F i g ure 3 .  

Kemp scor e ,  col o u r , l u stre and h and l e  were subj ect i ve l y  asses s ed 

as  descr i bed i n  Chapter 1 .  Under the same cond i t i ons  stap l e l ength , 

y i e l d ,  med u l l at i on i ndex , b u l k ,  res i l i ence  and tri s t i mu l u s co l o u r  

v a l ues  ( X ,  Y and Z )  were a l so  measured a n d  recorded . 

Data were ana l ysed u s i ng REG , a genera l i sed l i near mode l s  com­

p u t i ng package  ( G i l mo u r ,  1 981 ) .  

Corre l at i on coeffi c i ents were est i mated between tr a i ts of each of 

t h e  f i xed pos i t i ons  ( o n the r i ght - h and s i de )  and the aver age of r andom 

pos i t i ons  ( on the l eft - h and s i de ) . 

2 . 2 . 2  F i xed Pos i t i ons  S t udy 

I n  a separate  st udy the data col l ected for Chapter 1 were 

a l s o  used to prov i de more i nformat i on about s amp l i ng pos i t i on s .  I t  

wa s dec i ded t o  exc l u de the  rump and wi thers  pos i t i ons  from F l oc k  A and 



F i gure  3 .  R an dom pos i t i on s  s amp l ed for var i ous  woo l  tra i t s . 
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study four  f i x ed pos i t i ons ( shou l der ,  m i d- s i de ,  br i tc h  and b ack ) i n  

both f l oc k s .  F i xed pos i t i ons are s hown i n  F i gure  1 .  

The correl at i on coeffi c i ents between e ach f i xed pos i t i on and the 

average of the  four f i xed pos i t i ons  i n  the same shear i ng as we l l  as i n  

l ater shear i ng s  were  ca l cu l ated wi t h i n  f l oc k - sex groups for eac h  

s hear i ng .  The Z- transformat i on was used i n  pool i ng over sexes and 

f l ocks  for eac h  tra i t  for each  pos i t i on ( Sned ecor and Cochran , 1 980 ) . 

C orre l a t i on coeffi c i ents showed n o  s i gn i f i cant d i fferences e i ther 

between  sexes or between f l ocks . I n  the s ame way ,  corre l at i ons  were 

pool ed acros s shear i ng s  aga i n  becau se  no s i gn i f i cant d i fferences were 

found between s hear i ng s .  

For  eac h  shear i ng ,  ana lys i s of v ar i ance was conducted for each of 

the  stud i ed pos i t i on s  wi th i n  f l oc k - s ex gro u p s .  Prel i m i n ary an a l yses 

i nd i cated that bi rth r ank and age of d am were i mportant f i xed effects 

to  be i nc l uded i n  the  model  wi th the  random s i re effect . Date of 

b i rth was an important covar i ate . S i re x b i rth rank was the on l y 

s i gn i f i cant  i n teract i on .  The expected va l ues  of the mean squ ares were 

obta i n ed as descri bed i n  Chapter 1 .  

P h enotyp i c  va r i ances ( o 2 s  + o 2 e ) were  ca l c u l ated from the s i re 

( s )  and res i dua l  ( e )  vari ance components for each tr a i t  for each 

pos i t i on wi th i n  f l ock-sex grou p s .  The f l oc k - s ex est i mates were 

pool ed , we i ght i ng accord i ng to the s i re and res i du a l  degrees of 

freedom to prod uce mean va l ues  for e ac h  tra i t  for each pos i t i o n .  

The s i re var i ance rat i o  [ o 2 s/ ( o 2 s  + o 2 e ) ]  was ca l cu l ated wi th i n  

f l oc k - s ex groups for e ach  tr ·a i t  for each pos i t i on wi th i n  and across 

s heari ng s .  The av erage of th i s  rat i o  was b ased on  unwe i ghted means  

s i nce t he  est i mates of the var i ances were  not s i gn i f i cant l y  d i fferent 

( Robertson , 1 959 ) . 



2 . 3  RESULTS AND D I SCUSS ION  

The  s i x  c r i ter i a  by wh i ch t h e  best  s amp l i ng pos i t i on 

j ud ged are  shown for e ach  tra i t  i n  Tab l es 2 . 3 . 1  to 2 . 3 . 6 . 
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may be  

Poo l ed 

est i mates over the  th ree shear i ng s  were i nc l u ded s i nce the  goal was to 

reac h a n  overal l dec i s i on .  However ,  the  res u l ts obta i ned from 

i nd i v i du a l  s hear i ng s  are a l s o  prese nted . 

For each  trai t th i s  ' best ' pos i t i on c an be  p i cked for each of the  

s i x  cr i ter i a ,  th e n  a comp ar i son  between  pos i t i ons  can  be  used to  

choose t h at po s i t i on wh i ch i n  g e neral  s at i sf i es most pr i nc i p l es .  

R ank i ng of  pos i t i on s  h as been made by u s i ng the  ' bes t ' pos i t i on as the 

b ase ( = 1 00 ) , other pos i t i ons  be i ng compared to i t .  

Kemp s core data  showed that t h e  mi d-s i de samp l e  h ad the c l osest 

va l u e  to the  overal l mean , h i ghest  phenotyp i c  var i at i on and h i ghest  

corre l a t i o n s  w i th average of  f i xed  and averag e  of random pos i t i on s . 

The  s hou l der pos i t i on gave the  best  pred i ct i on of l ater f l eeces as  

we l l as  h i g hest  s i re var i anc e r at i o .  

I t  was  a l s o found from the h and l e  data  t h at the m i d - s i de samp l e  

h ad the  c l o sest va l u e to the f l eece  mean , h i g hest corre l at i on s  wi th 

the average of random samp l es and best pred i ct i on of l ater f l eeces . 

The s hou l der pos i t i on max i mi sed the  p hen otyp i c  var i at i on  i n  h and l e  

grade s .  Th e corre l at i ons  wi th th e average  o f  f i xed pos i t i on s  were the  

h i ghest  for s hou l der and  m i d-s i de pos i t i on s .  Th e h i ghest  s i re 

var i ance  r at i o  was  found on t h e  b ac k  pos i t i on .  

For 

va l u e  to 

medu l l at i on i ndex , the  shou l de r  pos i t i on h ad the 

the  overa l l mean as  we l l  as  the  best pred i ct i on of 

c l osest  

l ater 

f l eeces . The  cor rel at i ons  wi th the  average  of f i xed and average of 

rando m  pos i t i on s  were found to be  the  h i g hest  i n  the s h o u l der s amp l e .  

Wh i l e  t h e  h i ghest  s i re var i ance  rat i o  was found o n  the back  pos i t i on ,  

th e max i mum phenotyp i c  var i at i on was  e st i mated i n  the br i tch  s amp l e .  

Reg a rd i ng f l eece coarseness  and med u l l at i on ,  

res u l ts ( Tab l es 2 . 3 .  1 to 2 . 3 . 6 )  s uggest that  shou l der 

often s a t i sf i ed the s i x cr i ter i a con s i dered for the 

pos i t i o n .  

t h e  forego i ng 

s amp l es mos t  

b e s t  s amp l i ng 
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Tab l e  2 . 3 . 1  Si re variance rati o  [ cr 2 s / ( cr 2 s  + cr 2 e ) ]  for v ar i ous  woo l 
tra i ts esti mated from d i fferent pos i t i ons  i n  the  three 
s h eari ngs 

SH MS BR BK  SH  MS BR BK 

0 . 06 0 . 00 0 . 07 0 . 05 0 . 1 3  0 . 09 0 . 1 5  0 . 1 1  
KS 0 . 22 0 . 05 0 . 1 1  0 . 06 STL 0 . 02 0 . 00 0 . 00 0 . 1 4  

0 . 22 0 . 1 8  0 . 23 0 . 02 0 . 23 0 . 20 0 . 09 0 . 33 
0 . 1 6  0 . 06 0 . 1 3  0 . 05 0 .  1 2  0 . 09 0 . 08 0 . 1 8  

0 . 05 0 . 05 0 . 02 0 . 07 0 . 02 0 . 1 0  0 . 09 0 . 05 
HG 0 . 06 0 . 09 0 . 07 0 . 05 YLD  0 . 1 2  0 . 1 5  0 . 06 0 . 1 0  

0 . 04 0 .  1 3  0 . 09 0 . 24 0 . 29 0 . 1 3  0 . 1 3  0 . 01 
0 . 05 0 . 09 0 . 06 0 .  1 1  0 . 1 3  0 . 1 3  0 . 09 0 . 05 

0 . 02 0 . 1 8  0 . 01 0 . 2 3 0 . 09 0 . 04 0 . 1 0# 0 . 1 2# 
M I  0 . 1 9  0 . 00 0 . 22 0 . 1 4  CWA 0 . 1 2  0 . 03 0 . 03 0 . 1 7  

0 .  1 1  0 . 1 9  0 . 1 8  0 . 1 0  0 . 35 0 .  '1 8 0 . 03 0 . 20 
0 . 1 0  0 . 1 2  0 . 1 3  0 .  1 6  0 . 1 7  0 . 08 0 . 05#  0 .  1 7# 

0 . 1 2  0 . 1 3  0 . 1 5  0 . 09 0 . 1 3  0 . 00 0 . 1 5# 0 .  1 0# 
GCG 0 . 22 0 . 06 0 .  '1 0 0 . 04 GWA 0 . 1 5  0 . 08 0 . 08 0 . 1 8  

0 . 03 0 . 08 0 . 00 0 . 1 0  0 . 26 0 . 2 1 0 . 01 0 . 29 
0 . 1 3  0 . 09 0 . 09 0 . 08 0 . 1 7  0 . 08 0 . 07#  0 . 20# 

0 .  1 1  0 .  1 3  0 . 06 0 . 1 6  0 . 1 0  0 . 33 0 . 1 7  0 . 03 
X 0 . 1 2  0 .  1 4  0 . 1 3  0 . 07 LG 0 . 1 2  0 . 08 0 . 08 0 . 00 

0 . 33 0 .  1 2  0 . 07 0 . 08 0 . 05 0 . 03 0 . 02 0 . 0 1 
0 . 1 7  0 . 1 3  0 . 09 0 .  1 1  0 . 09 0 .  1 6  0 . 1 0  0 . 02 

0 .  1 1  0 . 1 3  0 . 06 0 . 1 0  0 . 07 0 . 06 0 . 06 0 . 1 2  
y 0 . 1 3  0 . 08 0 .  1 4  0 . 08 BUL  0 . 24 0 .  1 5  0 . 03 0 . 20 

0 . 34 0 .  1 2  0 . 0 7 0 .  1 3  0 . 20 0 . 04 0 .  1 1  0 .  26 
0 . 1 8  0 .  1 1  0 . 09 0 .  1 0  0 . 1 7  0 . 09 0 . 06 0 . 1 9  

0 . 1 4  0 .  1 5  0 . 08 0 . 05 0 . 07 0 . 08 0 . 04 0 . 05 
z 0 . 1 4  0 . 09 0 . 1 4  0 . 07 RES  0 . 1 8  0 . 06 0 . 0 1 0 . 1 7  

0 . 25 0 . 1 0  0 . 09 0 . 06 0 . 1 2  0 .  1 1  0 . 03 0 . 1 9  
0 . 1 7  0 .  1 1  0 . 1 0  0 . 06 0 . 1 2  0 . 08 0 . 03 0 . 1 3  

0 . 1 6  0 .  1 5  0 . 1 1  0 . 1 4  
Y -Z  0 . 1 5  0 . 03 0 . 1 5  0 . 04 

0 .  1 1  0 . 09 0 . 1 2  0 . 1 2  
0 . 1 4  0 . 09 0 . 1 2  0 . 1 0  

E s t i mates are arranged i n  de scend i ng order of shear i ng s ,  1 ,  2 ,  3 ,  and 
poo l ed est i mate over the three shear i ng s .  

# 2 ob servat i ons  mi ss i ng from F l oc k  A at the fi rst shear i ng .  
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Tab l e  2 . 3 . 2  Phenotypic vari ance ( a 2 S  + a 2 e )  for v ar i ous wool  
trai ts est i mated from d i fferent pos i t i ons  i n  the three 
shear i ngs 

SH MS BR BK SH MS BR BK 

0 . 20 0 . 30 0 . 33 0 . 22 2 . 78 2 . 87 3 . 09 3 . 05 
K S  0 . 45 0 . 69 0 . 39 0 . 40 STL 2 . 52 2 . 66 2 . 00 6 . 49 

0 . 69 0 . 68 0 . 82 0 . 36 3 . 89 3 . 24 3 . 88 8 .  7 1  
0 . 41 0 . 53 0 . 47 0 . 3 1 2 . 96 2 . 89 2 . 90 5 . 64 

0 . 90 0 . 62 0 . 56 0 . 53 1 9 . 24 25 . 1 6  5 5 . 60 26 . 06 
HG  0 . 2 7 0 . 2 7 0 . 26 0 . 39 YLD  1 8 . 78  28 . 74  45 . 76 1 4 . 05 

0 . 35 0 . 35 0 . 20 0 . 27 26 . 08 2 9 . 72  34 . 53 1 2 . 53 
0 . 54 0 . 43 0 . 37 0 . 42 1 6 .  1 0  2 7 . 53 4 7 . 01 1 8 . 55 

6 5 . 20 79 . 08 80 . 85 59 . 92 20 . 86 1 3 . 1 1  1 2 . 63# 1 6 . 74 # 
M I  3 6 . 25 24 . 25 33 . 56 3 1 . 62 CWA 1 6 . 52 1 2 . 78 22 . 87 1 8 . 00 

5 0 . 86 34 . 1 7  44 . 1 1  42 . 28 2 9 . 50 24 . 74 25 . 32 24 . 73 
5 1 . 56 48 . 90 55 . 3 1 45 . 70 2 1 . 45 1 5 . 83 20 . 76# 1 9 . 65 # 

0 . 79 0 . 84 1 .  09 0 . 44 1 3 . 46 9 . 33 1 1 . 35# 1 9 . 8 7 # 
GCG 0 . 49 0 . 39 0 . 34 0 . 36 GWA 23 . 20 20 . 45 3 1 . 38 25 . 29 

0 . 43 0 . 46 0 . 26 0 . 46 35 . 58 43 . 35 34 . 8 1 34 . 29 
0 . 60 0 . 59 0 . 62 0 . 42 2 2 . 2 7  2 1 . 53 26 . 84# 26 . 46 # 

6 . 23 6 . 04 8 . 54 1 2 . 79 0 . 1 3  0 . 07 0 . 32 0 . 24 
X 2 . 90 2 . 03 3 . 35 4 .  72  LG  0 . 29 0 . 1 6  0 . 24 0 . 28 

3 .  7 7  2 . 60 2 . 83 8 . 22 0 . 20 0 . 1 7  0 . 33 0 . 38 
4 . 46 3 . 80 5 . 33 8 . 85 0 . 20 0 . 1 3  0 . 29 0 . 29 

6 . 80 6 . 9 5 9 . 9 7 1 4 . 59 1 7 . 4 1 1 7 . 6 5 23 . 46 23 . 69 
y 3 . 5 1 2 . 83 3 . 8 1 7 .  1 8  BUL  3 . 89 3 . 4 1 2 . 80 3 . 39 

3 . 90 1 7 . 78 2 . 90 7 . 44 3 . 74 3 . 5 2 3 . 5 7 4 . 30 
4 . 94 8 . 1 5  6 . 09 1 0 . 25 9 . 34 9 . 2 1 1 1 . 37 1 1 . 84 

2 1 . 05 1 7 . 36 22 . 0 1 23 . 54 2 . 43 2 . 37 3 . 08 3 . 52 
z 7 . 9 7 4 . 49 9 . 65 8 .  5 1  R E S  0 . 89 0 . 64 0 . 59 0 . 63 

8 . 03 7 . 58 6 . 33 1 8 . 00 0 . 9 3 1 . 25  0 . 94 0 . 99 
1 3 . 29 1 0 . 4 7 1 3 . 85 1 6 . 9 2 1 . 52 1 .  49 1 . 69 1 . 89 

6 . 66 3 . 84 4 . 24 7 .  7 7  
Y - Z  1 . 9 3  1 . 08 1 .  95 4 . 4 1 

1 . 44 1 .  85  1 .  04 4 . 95 
3 . 73 2 . 39 2 . 66 5 . 90 

E s t i mates  are arranged i n  descend i ng order of shear i ngs  1 ,  2 ,  3 ,  and 
pool ed  est i mate over the t hree s hear i ng s . 

# 2 observat i ons  m i s s i ng from F l oc k  A at the  fi rst  shear i n g .  
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Tab l e  2 . 3 . 3 Correl at i ons of v ar i ous  wool tra i ts taken  from d i fferent 
pos i t i ons wi th f l eece average est i mated from fixed 

pos i t i ons i n  the  th ree sheari ngs 

SH MS BR BK SH MS BR  BK  

0 . 64 0 . 68 0 . 67 0 . 66 0 . 88 0 . 87 0 . 88 0 . 87 
KS 0 . 70 0 .  78 0 . 74 0 . 60 STL 0 . 84 0 . 90 0 . 80 0 . 82 

0 . 78 0 .  81 0 . 68 0 . 63 0 . 81 0 . 92 0 . 80 0 .  7 9  
0 .  7 1  0 .  76  0 . 70 0 . 6 3 0 . 85 0 . 90 0 . 84 0 . 83 

0 . 89 0 . 84 0 . 81 0 . 70 0 . 75 0 .  74  0 . 86 0 . 64 
HG  0 . 65 0 . 6 7 0 . 65 0 . 70 YLD  0 .  7 7  0 . 73 0 . 76 0 . 54 

0 . 74 0 . 82 0 . 59 0 . 53 0 . 87 0 . 82 0 . 85 0 . 68 
0 . 78 0 . 78 0 . 7 1  0 . 66 0 . 80 0 . 76 0 . 83 0 . 62 

0 . 9 1 0 . 92 0 . 89 0 . 88 0 . 80 0 . 79 0 .  7 7# 0 . 72 
M I  0 . 84 0 . 82 0 . 80 0 . 83 CWA 0 . 7 9 0 . 82 0 . 83 0 . 68 

0 . 79 0 . 80 0 .  72 0 . 76 0 .  7 7  0 . 7 9 0 . 80 0 .  7 7  
0 . 86 0 . 86 0 . 82 0 . 84 0 . 79 0 . 80 0 . 8 1 #  0 . 72 

0 .  81 0 . 76 0 . 85 0 . 6 1 0 . 84 0 . 83 0 . 76# 0 . 76 
GCG 0 . 72 0 . 54 0 .  72 0 . 44 GWA 0 . 8 1 0 . 86 0 . 85 0 . 73 

0 . 80 0 .  7 7  0 . 54 0 . 5 5 0 . 74 0 . 81 0 . 78 0 . 74 

# 

# 

# 

0 . 78 0 . 70 0 . 74 0 . 53 0 . 80 0 . 84 0 . 8 1 #  0 . 74 # 

0 . 80 0 . 82 0 . 80 0 . 78 0 . 64 0 . 56 0 . 76 0 . 66 
X 0 . 76 0 . 74 0 . 76 0 . 65 LG  0 . 59 0 . 48 0 . 6 1 0 . 64 

0 . 78 0 . 80 0 . 73 0 . 68 0 . 65 0 . 7 3 0 . 69 0 . 67 
0 . 78 0 . 79 0 .  77  0 . 7 1  0 . 62 0 . 59 0 . 69 0 . 66 

0 .  81 0 . 8 1 0 . 7 9 0 . 79 0 . 5 7 0 . 76 0 . 58 0 . 62 
y 0 .  75  0 . 69 0 . 7 1  0 . 64 BUL 0 . 8 1 0 . 82 0 . 72 0 . 74 

0 .  77  0 . 80 0 .  72 0 . 68 0 . 88 0 . 88 0 . 80 0 . 84 
0 . 78 0 .  7 7  0 . 75 0 .  7 1  0 .  7 7  0 . 82 0 . 70 0 . 7 3 

0 . 84 0 . 80 0 . 82 0 .  7 2  0 . 55 0 . 63 0 . 54 0 . 58 
z 0 . 80 0 .  72 0 . 80 0 . 60 RES  0 . 80 0 . 70 0 . 69 0 . 65 

0 . 76 0 . 82 0 . 74 0 .  7 2  0 . 80 0 . 82 0 . 78 0 . 78 
0 . 8 1 0 . 7 8 0 . 80 0 . 68 0 . 73 0 . 72 0 . 6 7 0 . 67 

0 . 87 0 . 7 9 0 . 84 0 . 64 
Y - Z  0 .  7 7  0 . 64 0 .  72  0 . 64 

0 .  75 0 . 83 0 . 75 0 . 7 5 
0 . 81 0 . 7 6 0 . 78 0 . 6 7 

Corre l at i on s  are arranged i n  descend i ng  order of shear i ngs  1 ,  2 ,  3 ,  
and pool ed est i mates over the three s h ear i ngs . 

# 2 ob servat i ons  m i s s i ng from F l oc k  A at the f i rst  shear i ng 

For s heari ng s  1 ,  2 and 3 :  r>0 . 257  ( p<0 . 05 ) , r>0 . 333 ( p<0 . 01 ) 
For pool ed correl at i on s :  r>0 . 1 9  ( p<0 . 05 ) , r>0 . 25 ( p<0 . 01 ) . 
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Tab l e  2 . 3 . 4 .  Corre l ati ons of v ar i ous woo l tr a i ts taken from d i fferent 
pos i t i ons wi th f l eece average est i mated from random 

posi ti ons i n  the three shear i ngs 

SH MS BR  BK  SH MS BR BK 

0 . 00 0 . 69 0 . 00 0 . 63 0 . 79 0 . 79 0 . 83 0 . 46 
KS  0 . 78 0 . 48 0 . 76 0 . 28 Y-Z  0 . 64 0 . 63 0 . 35 0 . 66 

0 . 69 0 . 69 0 . 33 0 . 69 0 . 59 0 . 25 0 . 55 -0 . 02 
0 . 56 0 . 63 0 . 42 0 . 56 0 . 68 0 . 60 0 . 62 0 . 40 

0 . 23 0 . 23 0 . 20 0 . 00 0 . 68 0 . 68 0 . 9 1 0 . 9 3  
HG  0 . 54 0 . 83 0 . 63 0 . 2 7 STL 0 . 86 0 . 82 0 .  7 7  0 . 59 

0 . 1 8  0 . 3 1 0 . 60 0 . 4 1  0 . 58 0 .  7 1  0 . 52 0 . 48 
0 . 33 0 . 52 0 . 52 0 . 2 3 0 . 73 0 . 74 0 . 78 0 . 74 

0 . 1 2  -0 . 1 3  -0 . 08 0 . 63 0 . 90 0 . 92 0 .  77  0 . 39 
M I  0 . 47 0 . 2 7 -0 . 02 -0 . 08 YLD 0 . 84 0 . 64 0 . 1 2  0 . 4 1 

0 . 80 0 . 1 6  0 . 54 0 . 1 3  0 . 86 0 .  76 0 . 73 0 . 73 
0 . 52 0 . 1 0  0 . 1 7  0 . 2 6 0 . 8 7  0 . 80 0 . 60 0 . 53 

0 . 26 0 . 60 0 . 39 0 . 0 1  -0 . 33 -0 . 22 -0 . 65 -0 . 36 
GCG 0 . 83 0 . 1 8  0 .  1 '1 0 .  1 1  LG 0 . 5 9 0 . 1 9  0 . 00 0 . 35 

0 . 84 0 . 84 -0 . 09 0 . 1 5  0 . 1 0  0 . 52 0 . 1 6  0 . 55  
0 .  7 1  0 . 60 0 . 1 4  0 . 09 0 . 1 4  0 . 1 8 0 . 20 0 . 20 

0 . 88 0 . 90 0 . 86 0 . 84 0 . 60 0 . 52 0 . 52 0 . 7 5  
X -0 . 1 4 0 . 28 -0 . 1 4  0 . 4 7 BUL 0 . 83 0 .  74 0 . 5 7 0 . 20 

0 . 1 9  0 . 07 0 . 03 0 . 04 0 . 76 0 . 94 0 . 82 0 . 85 
0 . 44 0 . 54 0 . 3 7 0 . 5 3 0 . 74 0 . 80 0 . 66 0 . 67 

0 . 89 0 . 89 0 . 87 0 . 86 0 . 1 9  -0 . 04 -0 . 1 7  0 . 2 9 
y - 0 . 20 0 . 26 -0 . 1 1  0 . 4 7 RES 0 . 7 4 0 . 7 1 -0 . 1 3  0 . 29 

0 . 1 9  0 . 1 2  0 . 06 0 . 05 0 . 58 0 . 80 0 . 52 0 .  7 6  
0 . 44 0 . 54 0 . 40 0 . 5 5 0 . 54 0 . 57 0 . 09 0 . 49 

0 .  74 0 . 81 0 .  78  0 . 59 
z 0 . 25 0 . 45 0 . 1 1  0 . 5 9 

0 . 43 0 . 1 0  0 . 0 1 -0 . 23 
0 .  50 0 . 52 0 . 37 0 . 36 

Correl at i ons  are arr anged i n  descend i ng order of sheari ngs , 1 ,  2 ,  3 ,  
and pool ed e st i mate over the  three s h ear i ngs . 

For  shear i ng 1 :  r>0 . 63 ( p<0 . 05 ) , r>0 . 77 ( p<0 . 01 ) . 

F or  s h ear i n g s  2 and 3 :  r>0 . 7 5 ( p<0 . 05 ) , r>0 . 87 ( p<0 . 01 ) . 

For  pool ed corre l at i on s : r>0 . 48 ( p<0 . 05 ) , r>0 . 59 ( p<0 . 01 ) . 
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Tab l e  2 . 3 . 5  Corre l ati ons  of var i ous  wool tr a i ts t aken from d i fferent 
pos i ti ons i n  the f i rs t  and second s h e ari ngs wi th the l ater 

fl eece averages es t i mated from f i xed pos i t i ons . 

SH MS BR BK SH MS BR BK  

0 . 43 0 . 28 0 . 2 2  0 . 23 0 . 44 0 . 34 0 . 46 0 . 53 
KS  0 . 1 8  0 . 1 3 0 . 09 0 . 2 1 STL 0 . 1 5  -0 . 0 1 0 . 22 0 . 1 2  

0 . 45 0 . 33 0 . 35 0 . 26 0 . 33 0 . 34 0 . 39 0 . 47 

0 . 35 0 . 36 0 . 35 0 . 32 0 . 33 0 . 26 0 . 37 0 . 09 
HG  0 . 1 5  0 . 24 0 . 1 9  0 . 23 YLD 0 . 37 0 . 1 8  0 . 3 1 0 . 23 

0 . 1 4  0 . 39 0 . 30 0 . 30 0 . 27 0 . 1 0  0 . 26 0 . 2 1 

0 . 49 0 . 46 0 . 32 0 . 42 0 . 23 0 . 2 5 0 . 23# 0 . 24 
M I  0 . 54 0 . 4 1 0 . 35 0 . 52 CWA 0 . 06 0 . 00 0 . 09# 0 . 05 

0 . 43 0 . 43 0 . 3 7  0 . 50 0 . 30 0 . 37 0 . 25 0 . 36 

0 . 1 5  0 . 1 0  0 . 1 8  0 . 1 3  0 . 25 0 . 30 0 . 1 8# 0 . 2 7 
GCG 0 . 08 0 . 04 0 . 1 2  0 . 1 3  GWA 0 . 06 0 . 06 0 . 05# 0 . 1 5  

0 .  1 '1 0 . 03 -0 . 04 -0 . 02 0 .  3 1  0 . 37 0 . 2 7 0 . 42 

0 . 43 0 . 24 0 . 2 1  0 . 00 0 . 00 0 . 08 0 . 1 0  0 . 1 4  
X 0 . 26 0 . 26 0 . 26 0 . 1 6  LG 0 . 05 -0 . 09 0 . 1 3  -0 . 1 2  

0 . 36 0 . 47 0 . 24 0 . 35 0 . 2 1 0 . 07 0 . 26 0 . 23 

0 . 42 0 . 24 0 . 1 8  0 . 03 0 . 38 0 . 48 0 . 49 0 .  3 1  
y 0 . 24 0 . 26 0 . 2 3 0 . 1 3  BUL  0 . 37 0 . 43 0 . 37 0 . 33 

0 . 37 0 . 43 0 . 2 5  0 . 29 0 .  74  0 . 57  0 . 46 0 . 59 

0 .  5 1  0 .  3 1  0 . 32 0 . 04 0 . 3 1 0 . 33 0 . 26 0 . 1 8  
z 0 . 33 0 . 30 0 . 36 0 . 1 8  RES 0 . 2 7 0 . 30 0 . 22 0 . 20 

0 . 39 0 . 57 0 . 3 1 0 . 33 0 . 62 0 . 47 0 . 43 0 . 52 

0 . 48 0 . 35 0 . 35 0 . 1 0  
Y -Z 0 . 45 0 . 30 0 . 40 0 . 30 

0 . 38 0 . 50 0 . 3 7 0 . 27 

E st i mates are arranged i n  descend i ng order of correl at i ons  from fi rst  
to  s econd , f i r st to th i rd and from second to th i rd shear i ngs . 

# 2 observat i ons m i s s i ng from F l ock  A i n  the  fi r s t  shear i ng .  

r>0 . 257  ( p<0 . 05 ) , r>0 . 333 ( p<0 . 01 ) . 

# 
# 

# 
# 



Tab l e  2 . 3 . 6  Leas t s q u ar es means and pos i t i on effects for v ar i ous  

trai ts  

KS HG MI  GCG X y z 

Me an 2 .  72 3 . 42 3 1 . 1 2  4 . 30 6 3 . 38 65 . 32 6 1  . 1 1  

Pos i t i on 

SH -0 . 81 0 . 5 1 - 1 . 79 0 . 23 0 . 36 0 . 39 0 . 42 

MS -0 . 3 1 0 . 22 1 .  93 0 . 26 2 .  1 0  2 . 1 6  3 . 1 6  

B R  0 . 39 -0 . 46 3 . 4 1 -0 . 3 1 0 . 79 0 . 79 1 .  08 

B K  0 . 74 -0 . 2 7 -3 . 55 -0 . 1 9  -3 . 25 -3 . 34 -4 . 66 

Y -Z  STL YLD  LG  BUL  R ES  

Mean 4 . 20 1 5 . 73 7 7 . 86 3 . 66  23 . 09 7 . 99 

Pos i t i on 

SH -0 . 03 0 . 49 -0 . 64 0 . 25 - 1  . 1 4  -0 . 30 

MS - 1 . 01 0 . 69 - 1 . 27 0 . 1 4  0 . 04 - 0 . 05 

BR -0 . 29 -0 . 5 7 -2 . 70 -0 . 1 5  0 . 84 0 . 09 

BK 1 .  33 -0 . 6 1 4 . 6 1 -0 . 25 0 . 26 0 . 25 

1 1 1  
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S umner and  Revfe i m  ( 1 97 3 )  stud i ed me an  f i bre d i ameter i n  d at a  

based on 1 0  Romney hoggets . The i r  d at a  showed that the shou l der  

pos i t i on had the  h i g hest corre l at i on wi th the overal l mean . A l s o ,  

mean  f i bre d i ameter est i mated from be l l y ,  m i d - s i de and shou l der  pos i ­

t i on s  were very c l o se  to the  overal l mean . Sumner ( person a l  commun i ­

c at i on )  a l so me asured fi bre d i ameter i n  50 f i bres from 8 pos i t i on s  on 

1 0  hoggets of each of  the Mer i no ,  C hev i ot a nd Drysda l e breed s .  The 

h i g hest correl a t i on s  wi th the f l eece me an  of f i bre d i ameter were  

obt a i ned from the  br i tch po i nt i n  Mer i no sheep , and from br i tc h  po i nt 

and b ack pos i t i ons  i n  Chev i ots . The h i g hest  correl ati on wi th  f i bre  

d i ameter mean i n  Drysda l e  f l eeces was fo u nd i n  shou l der dat a .  

For a l l s u bj ect i ve a n d  obj ect i ve co l o u r  cr i teri a ,  

cons i stent trend for the shou l der pos i t i on t o  have the 

there i s  a 

h i ghest  s i re 

var i a nce rat i o  and h i ghest  correl at i on s  w i th the average of fi x ed 

pos i t i on s .  For tr i s t i mu l u s  col o ur va l u e s , the shou l der pos i t i on a l so  

h ad cons i stent l y  the  c l o sest  means to the  overa l l means as  we l l as  

best  pred i ct i on from the f i rs t  to the second  shear i ng ,  wh i l e  pred i c­

t i on of the th i rd shear i ng from the second one was found to be the  

best from the  mi d - s i de .  For greasy col o u r  grade , the shou l der s amp l e  

had t he  h i ghest corre l ati on wi th the average of random samp l es a s  we l l 

as  t h e  best pred i ctab i l i ty from the second to the  th i rd shear i ng s ,  

wh i l e the back pos i t i on h ad the c l o sest  va l u e  to the overal l mean  and 

best pred i ctab i l i ty from the  f i rst  to the th i rd f l eece .  

The forego i ng compar i sons  among pos i t i on s  m i g ht s ug gest that  t h e  

shou l der  samp l e  can  b e  t aken  a s  the  b e s t  s amp l i ng pos i t i on 

represent i ng f l eece co lour  s i nce the s i x  c r i teri a were met mo st often 

by s amp l es from th i s  pos i t i on .  B i gham et al . ( 1 984b ) ca l c u l ated t he  

corre l at i ons between e ach pos i t i on and overa l l f l eece mean for Y a nd  

Y-Z  va l ues  i n  Romney, C oopworth and P erend a l e data .  The i r  

corre l at i ons  were  b as ed on a sma l l number  of  an i ma l s .  However , th ey 

conc l u ded th at t h e  mi d - s i de pos i t i on was a s u i tab l e  s i te to i nd i cate  

the  d egree of  d i sco l ourat i on .  Des p i te th i s  conc l u s i on ,  the i r 

corre l at i ons based o n  shou l der s amp l es were  general l y  h i gher t han  

tho s e  from mi d- s i de s amp l es .  

I n  stap l e  l ength  the  b ack  pos i t i on gav e the  h i g hest s i re var i ance 

rat i o ,  the h i ghest  p henotyp i c  var i at i on a nd general l y  the  best  
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pred i ct ab i l i ty to l ater f l eeces . Stap l e  l ength of the shou l der s amp l e  

was th e c l o sest to the overal l mean . The h i g hest corre l at i ons  wi th  

t h e  f l eece av erage were found on the bri tch  pos i t i on for  random 

s amp l es a nd on  th e m i d - s i de pos i t i on for f i xed samp l es .  These 

compar i sons  s uggest that the b ack i s  general l y  a s u i tab l e  p os i t i on for 

s t ap l e  l ength . 

For yi e l d ,  the shou l der s amp l e  h ad the  c l osest  v a l u e  to the  

ove ral l mean , h i ghest corre l at i on wi th the  average of random s amp l es 

a nd ge nera l l y the best pred i ct i on o f  l ater f l eec e s .  The h i ghest  s i re 

var i ance r at i o  wa s fou nd i n  shou l der and mi d - s i de samp l es .  The br i tc h  

pos i t i on h ad the  max i mum phenotyp i c  var i at i on and t h e  h i ghest  

correl at i ons  wi th the  average of f i x ed pos i t i ons i n  the f l eece . 

O veral l t he  shou l der was genera l l y  the best s ampl i ng pos i t i on for 

y i e l d  measurement .  

Data o n  c l ean wool  per un i t  area i nd i cated that shou l der samp l es 

h ad the greatest phenotyp i c  var i at i on wh i l e br i tch s amp l es h ad the  

h i g hest corre l at i on wi th the  average  of  f i xed pos i t i on s .  H i g hest s i re 

v ar i ance rat i o was found i n  both shou l der and br i tch pos i t i ons . The 

m i d -s i de s amp l e  i n  general  gave the  best pred i ct i on of l ater f l eeces , 

bear i ng i n  m i nd that both greasy and c l e an wool per u n i t  area were 

obt a i ned from s houl der and mi d - s i de pos i t i ons  on l y  at the f i rst 

shear i ng in  F l oc k  A .  These resu l t s  s uggest  the shoul der as the best 

s amp l i ng pos i t i on for c l ean  wool product i on .  

For greasy wool per u n i t  area , the b ack pos i ti on h ad the  h i g hest 

s i re v ar i ance rat i o ,  and  best pred i ct i on of the th i rd shear i ng .  

B r i tc h  and back pos i t i ons  h ad the h i g hest phenotyp i c  vari at i on .  The 

m i d - s i de samp l e  h ad the h i ghest  corre l at i on wi th the average  of f i xed 

po s i t i on and pred i ct i on of the  second s hear i ng wo u l d  be better i f  the 

mi d - s i de s amp l e i n  the f i rst  shear i ng was u sed . Gener a l l y ,  the back 

performed best  i n  represent i ng greasy woo l prod uct i on .  

L u stre o f  m i d - s i de s amp l es h ad the  h i ghest  s i re var i ance rat i o  as 

we l l a s  the  c l osest  va l u e  to the overa l l mean . The br i tc h  samp l e  

gener a l l y  gave better pred i ct i on of l ater f l eeces and h ad the  h i g hest 

corre l at i on wi th the av erage  of f i xed pos i t i on s .  When the  max i mum 

p h enotyp i c  var i at i on and h i g hest correl at i on s  wi th the average of 
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random s amp l es were co n s i dered , br i tc h  and b ack pos i t i on s  h ad s i m i l ar 

res u l ts .  Overal l t he  br i tc h  seemed the  best s amp l i ng pos i t i on for 

l u s tre grade . 

B u l k a nd res i l i ence are often h i g h l y  corre l ated , a l so  they s howed 

s i mi l ar trend s for these  s i x  cr i ter i a of s amp l i ng pos i t i on s .  The b ack 

pos i t i on h ad the h i ghest  s i re var i ance r at i o  and max i mum p henotyp i c  

v ar i at i on i n  both tra i ts .  The m i d - s i de samp l e  h ad the c l osest  v a l u e  

t o  th e ove r a l l mean , and general l y  t h e  h i g hest corre l at i ons  wi th 

averages of f i xed and random pos i t i on s .  Pred i ct i ng average s of bu l k  

and res i l i ence  at l ater f l eeces was best whe n  i t  was made from the  

mi d - s i de at the f i rst  shear i ng and  from the  s hou l der at the  second 

shear i ng .  The  mi d - s i de can be genera l l y  t aken  as the best s amp l i ng 

pos i t i on for b u l k  and res i l i ence .  

B i gham et al . ( 1 984a ) est i mated the  corre l ati ons between  e ac h  

pos i t i on and overa l l f l eece mean for l oose  wool  bu l k i n  Romneys , 

Coopworth s and Perend a l es .  The i r  corre l at i on s  were based o n  1 5  hog­

gets from each  breed . They reported th at a l l pos i t i ons  were eq u a l l y  

s u i t ab l e  for r a nk i ng s heep for l oose woo l  b u l k and conc l u ded the m i d ­

s i de as a good representat i ve pos i t i on for l oose wool b u l k  i n  the 

f l eece .  However , the i r  corre l at i ons  obtai n ed from shou l der  s amp l e s 

were genera l l y  h i gher than  those obta i ned from the mi d - s i de .  

The forego i ng compar i s ons among these  four pos i t i ons  stud i ed 

s howed that the  s hou l der  can  be con s i dered as the  best s amp l i ng pos i ­

t i on for coarsenes s ,  co l o u r ,  yi e l d  and c l ean wool per u n i t  area .  The  

b ack pos i t i on m i g ht be more sati sfactory for  stap l e  l ength and  greasy 

wool per u n i t  area .  For b u l k and res i l i ence the mi d-s i de was favo ured 

a nd l u stre wou l d  be better i f  i t  i s  asses sed from the br i tc h  s amp l e .  

To reac h an  ove r a l l dec i s i on i t  seems that  the shou l der samp l e  

most ofte n  s at i sf i es the  s i x  cr i ter i a for  a l l tra i t s .  The  s h o u l der 

was a l so con s i dered to b e  conven i ent  for s amp l i ng ( Chapman and Youn g , 

1 95 7 ;  Lockar t ,  1 954 ) . 

Perhaps the  mos t  d i sturb i ng as pect of th i s  study was the  l ow 

v a l u e s  of many of  these  corre l at i ons ,  part i cu l ar l y those  between 
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d i fferent  f l eeces . These l ow va l ues  do not  l e ad to great confi dence 

i n  the accu racy of p red i ct i on of f l eece means from s amp l es of any 

pos i t i on .  
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2 . 4  CONCLUS I ONS 

Overa l l the  shou l der appears the  best  pos i t i on for s amp l i ng 

Drysda l e f l eeces for breed i ng purposes .  Shou l der s amp l es tended to 

have h i gher  corre l at i ons wi th f l eece averages  est i mated from f i x ed and 

random pos i t i ons  and the c l osest  mean to the overa l l f l eece mean . 

Tra i ts asses sed from the shou l der  s amp l es genera l l y  h ad h i g her 

phenotyp i c  var i at i on and the pred i ct i on of l ater f l eeces tended to be 

more accurate .  There was an i nd i cat i on th at more of the  v ar i at i on on 

shou l de r  s amp l es tended to be of genet i c or i g i n .  
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APPENDIX 1 

SOME OBSERVATIONS ON A DYEBANDING TECHNIQUE 

H a i r growth occurs  i n  cyc l es i n  wh i ch per i od s  of act i ve growth 

a l tern ate wi th per i od s  of rest ( Dry , 1 9 2 6 ; Rougeot , 1 96 1 ; Chase and 

S l i ve r ,  1 96 9 ) .  After a peri od of growth ( an age n )  f i bre product i on 

s l ows . Th i s  i s  a ssoc i ated wi th a red u ct i on i n  d i ameter and l os s  of 

med u l l a  and p i gmentat i on ( i n  col oured fi bres ) .  The fo l l i c l e  bu l b  and 

papi l l a s hr i nk  i n  s i ze and th e fol l i c l e  becomes shorter and wr i nk l ed .  

A kerat i n i s ed • br u s h • i s  formed at the  root end of the f i bre . The 

s hrunken  b u l b and pap i l l a  rema i n dormant at the base of the  fo l l i c l e . 

The growth of a new f i bre i s  preceded by en l argement of the  b u l b .  

Then c e l l s  prod uced i n  the b u l b beg i n  t o  m igrate up t h e  fo l l i c l e  

d i fferen t i at i ng i nto  a new h a i r  cone and the t i p  of a new f i bre . 

An i ma l s u s u a l ly  grow new f i bres before the  o l d  ones mou l t  from the 

fol l i c l e .  

There i s  a con s i derab l e  vari at i on i n  the l ength of the  ph ase of 

the cyc l e .  The d u rat i on of the  growi ng phase  i s  ge n et i ca l l y  

control l ed and i s  c h aracter i s t i c for each h a i r  type wh i l e the  d urat i on 

of rest i ng phase  ( t e l ogen ) i s  v ar i ab l e  and can be mod i f i ed by 

photoper i od i c  man i pu l at i ons , hormones , trauma and p l uck i ng ( E b l  i ng ,  

1 965 ; S l ee ,  1 96 5 ;  Rougeot et al . ,  1 984 ) . Thus  a ha i r may be  anc hored 

i n  the  sk i n  by i t s c l u b root for several  months wi thout growi ng . 

I n  s heep , arti f i c i a l se l ect i on has l ed to e l i m i nat i on of the  ha i r  

cyc l e  from many fo l l i c l es .  Howeve r ,  some pr i mary fo l l i c l e s s t i l l  

exh i b i t  these  cyc l es as shown by the  i ntermi ttent prod uct i on of kemp 

f i bres . A study of the  kemp growth cyc l e  c an be made e i ther from coat 

observat i ons  ( Ross  and Wri ght , 1 954 ; Gu i rg i s ,  1 96 7 ; E l gabbas , 1 9 78 ) or 

from fol l i c l e  stud i es ( R ougeot , 1 96 1 ; Ryder ,  1 96 9 ) . Howeve r ,  i t  i s  

not easy t o  ascerta i n  prec i se l y  when the  var i ous stages of the  ha i r 

cyc l e  oc cur  from coat ob serv ati ons . S i mi l ar l y , i nterpretat i on of sk i n  

sect i on s  i s  often not easy a nd there i s  the  r i sk that the  cyc l e  wi l l  

be mod i f i ed by the  tr auma of remov i ng p i eces of sk i n .  

Kemp f i bre ge n erat i ons  h av e  been ob served ( Ross  and Wr i ght , 1 95 4 ; 

G u i rg i s ,  1 9 6 7 ; E l gabbas , 1 9 7 8 )  a nd i t  h as been s ugges ted t h at the  

f i rst  k emp generat i on shed s at  about  2 month s of  age  and  l ater 
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generat i on s  s hed at 4 month i nterva l s .  However , the t i m i ng of the  

h a i r  cyc l es h as not been confi rmed exper i menta l l y .  Borum ( 1 954 ) h a s  

s hown th at dye i ng o f  f i bres can  be a very u seful  techn i q ue for 

study i ng ha i r cyc l es i n  m i c e ,  and i t  was dec i ded t o  attempt t o  ad a pt 

the  dyeb and i ng techn i que of Chapman and Whee l er ( 1 963 )  to  a study of 

kemp growth cyc l e s .  

A p l an  was made t o  st udy th e growth cyc l e · of kemp f i bres i n  wh i ch 

ten Drysda l e (NdNd ) ewe l amb s from the  Massey Un i vers i ty f l ock  were 

chosen  at random i n  September 1 98 1 . At 2 months of age , four stap l es 

were t i ed i n  s hou l der , mi d-s i de ,  br i tc h  and back fol l owi ng the  

tec h n i q ue  of  Gu i rg i s ( 1 96 7 ) . S tap l es were dyed at  sk i n  l ev e l  u s i ng 

the  D urafur b l ack sol u t i on recommended by Wheel er et al . ( 1 97 7 ) . The 

f l eece  was opened and dye was  app l i ed eve n l y  to the f i bres  at  the sk i n  

l ev e l  u s i ng a fi ne g l ass  p i pette . Dye was appl i ed at month l y  

i nterva l s .  U s i ng f i ne sc i ssor s ,  dyeb anded stap l es were co l l ected the  

d ay before shear i ngs  in  December 1 98 1 , Apr i l 1 982 and  September 1 982 . 

Dyeb anded stap l es col l ected were exami ned and separated i nto d i fferent 

f i bre types ( kemp , medu l l ated and non-med u l l ated f i bres ) . 

W h i l e  dye was appl i ed at month l y  i nterv a l s ,  exami n at i on showed 

th at wi th many fi bres there were l ess  dyeb and s than app l i c at i on s .  I t  

was not poss i b l e  to ascerta i n  wh i c h wa s mi ss i ng or why . McC l e l l and 

( persona l  commu n i cat i on ) fol l owed exact l y  the same techn i q ue i n  Romney 

sheep and found that al l her dye b and s were reasonab l y  c l e ar a l though  

in  some s amp l es dyebands were not  as wel l defi ned as in  others . 

The v a r i ab l e n umbers of dyeband s observed i n  the present study 

mi ght  be due  to c h anges i n  fol l i c l e  act i v i ty .  The f i bre prod uced by a 

fol l i c l e  i n  the growi ng phase  i s  l i ke l y  to be marked i n  a new b and 

each t i me dye i s  app l i ed .  Howeve r ,  a f i bre i n  the res t i ng st age may 

we l l  rece i ve two or more app l i c at i ons  of dye at the same p l ac e .  

Wh i l e  t h e  present st udy has  n ot been s uccessf u l  i n  ach i ev i ng the  

des i red resu l t s ,  i t  h as i nd i c ated that wi th m i nor mod i f i cat i on s , 

dye i ng co u l d  be u sefu l  i n  s t udyi n g  kemp cyc l es .  D i ffe rent  col o ured 

dyes m i ght  be s u i t ab l e to determi n e  th e t i me of the var i o u s  band s .  To 

avo i d  co l ours  confound i ng ,  l i ghter co l ours  shou l d  be used  at ear l i er 

app l i c at i on s .  
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-0 . 2 2 0 . 00 -0 . 09 - 0 . 1 8 -0 . 4 5  -0 . 20 -0 . 1 9  -0 . 35 - 0 . 0 7  0 . 29 0 . 1 9 0 . 69 0 . 64 0 . 24 - O . SJ -0 . 45 

c�·" o . l 9  o . oo -o . o 1  -o . o� -0 . 06 o . 1 9  0 . 22 o . o2 o . 29 o . � 7 -0. 1 }  o . B4 o . e2 0 . 04 - 0 . 1 6  -0 . 29 

LG 

BUL 

R (S  

- 0 . 2 2  -0 . )} - 0 . 02 -0 . 1 1 -0 . 24 0 . 06 0 . 1 1  -0 . 02 0. 24 

0 . 49 

0 . 54 0 . 2 2  0 . 8 1  

0 .  7 2  

0 . 6 1  

0 .  76 

0 . 07 - 0 . 16 -0 . 09 

0. 21 - 0 .  >> - 0 .  �2 - 0 . 29 -0 . 06 -0 . 09 -0 . 1 0 - 0 . 4 6  -0 . 1 5 -0 . 1 5  -0 . ) }  0 .  J J  0 . 4 } 

-0 . 0 )  
-0 . 54 

0 . 1 2  

0 . 25 0 . 09 0 . 20 0 . 09 0 . 04 0 . 05 0 . 04 - 0 . 0 2  0 . 24 0 . 1 4  

0 . 1 1  - 0 .  J S  -0 . 1 6 -0. } 0  -0 . ) 1  -0 . }) -0 . )9 0 .  J J  0 . 1 1  - 0 . 09 

0 . 24 0 . 2 1  -0 . 1 5  -0 . 06 -0 . 24 -0 . 24 -0 . 1 4 -0 . 04 -0 . 00 -0 . 07 

0 . 1 0  

o .  24 

0 . 25 

0. 1 }  

0 .  2 1  

0 .  2 0  

0 . 60 -0 . 1 5 -0 . 1 5 

o . s s  -0 . )8 - 0 . 24 

0 . 68 - 0 . 50 - 0 . }1 

0 . 26 -0 . 20 0 . 1 5  

0 . 4 5  -0. 26 0 . )2 

0. 29 -0 . 09 - 0 . 0 5  

0 .  20 -0 . 1 6 0 . 02 

0 . 26 -0 . 2 7  0 . 1 )  

0 .  JO -O . OJ -0 . 20 

0 . 08 

0 . 1 6 

0 . 1 6 

0 . 08 

0 . 1 2  

0 . 1 0  

0 . 26 0 . 25 0 . 29 0 . 32 -0. 1 7  -0 . 1 0 -0. 1 2  -0 . 1 3  -0. 1 5  0 . 00 0 . 79 

0 . 4 )  0 . ) 5  0 . )6 0 . 42 -0 . )6 -0 . 2 ) -0 . 02 -0 . 2 1  -0 . 2 1 -0 . 20 0 . 6 7  

0 . 4 9  0 . 22 0 . 22 0 . )4 - 0 . ) 9  -0 . 50 -0. 26 -0 . 52 - 0 . 54 -0 . 22 0 . 82 

0. 2 5  

0 . 26 

0 . 4 )  

0 . 1 5  

0 .  2 )  

0 . 1 0  

0 . 1 5  

o .  25 

0 . 1 0  

0 . 25 -0 . } 1 -0 . 1 6  -0 . 07 -0 . 24 -0 . 2 5 0 . 02 

0 . )2 -0 . )0 -0 . 26 -0 . 1 2  -0. 1 4 -0 . 1 6 -0. 1 2  

0 . 24 -0 . )5 -0 . 50 -0 . 29 -0 . 4 9  -0 . 56 -0. 06 

0 . 66 

0 . 84 

0. 7 1  

0 .  » 
0. 74 

o. 78 

0. 67 

O . fO 

0. 75 

C o r rc ) n t i on� nrc n r r snqcd in descending order of oheurings 1 ,  2 and } .  

r>0 . 2 7 1  ( p< 0 . 05 ) ,  r>u . J>T ( p< 0 . 0 1 ) .  

Sh : �houldcr, A v  : A v e rage o f  the fleece. 
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Table A2 C o r r e l a t i ons between mid-side wool traits and fleece average at shearings 1, 2 and 3 i n  Flock A (pooled over sexes) 

115 . 
Av 

KS HG HI GCG SCG Y-Z STL YLD GWA CWA LG 8UL RES 

KS 0 . 54 -0 . 36 -0 . 1 6  0 . 27 0 . 08 0 . 37 0 . 4 1  0 . 28 0 . 03 0 . 05 -0 . 06 0 . 1 2  0 . 1 0  -0. 03 0 . 40 0 . 27 

0 . 7 1 -0. 27 0 . 05 0 . 35 0 . 2 1  

0 .  76 -0 . 09 -O . JJ -0 . 06 O . J2 

0 . 2 1  0 . 20 

0 . 1 2  0 . 1 J  

0 . 25 -O . J1 - 0 . 04 O . J9 -0 . 1 9 -0 . 08 -0 . 1 7 0 . 46 

0 . 26 -0.40 -O . J6 -0 . 06 -0 . 24 - 0 . 2 7  -0 . 1 2  0 . 1 5  

0 .  25 

0 . 26 

HG -0 . 04 0 . 80 0 . 26 O . OJ 0 . 07 -0.02 -0 . 06 0 . 06 -0 . 2J -0 . 1 7  0 . 1 6  0 . 0 1  0 . 06 0 . 04 -0 . 4 1  -O . J8 

-O . J6 0 . 56 0 . 1 4 -0 . 05 -0 . 2 2  -0 . 21 -0 . 2 J  -0 . 24 0 . 20 -O.J1 -0. 1 1  -0. 1 8  -0 . 21 0 . 24 -0 . 45 -O . J4 

HI 

GCG 

SCG 

Y-Z 

STL 

YLD 

GWA 

-0 . 1 2  0 . 75 -0 . 27 0 . 24 0 . 1 4  -0.02 -0 . 0 1  0 . 07 -0. 1 2  -0 . 1 8  0 . 1 7  0 . 02 0 . 1 0  0 . 4 3  -O . J7 -0 . 1 6  

0 . 00 0 . 27 

0 . 24 -0 . 1 2  

-O . J2 -0 . 4J 

0 . 84 -0 . 04 0 . 39 

0 . 65 0 . 2 1  0 . 1 7  

0 .  79 0. 2 0  -0. 24 

0 . 45 

0 . 24 

0 . 40 

0 . 42 

0 . 24 

O . J4 

0 . 1 3  0 . 1 0 -0.02 0 . 49 0 . 24 0 . 2 3  0 . 2 3  

0 . 31 -0 . 20 0 . 1 5  0 . 54 0 . 2 9  0 . 35 0 . 33 

-0 . 01 0 . 05 0 . 07 0. 71 -0.04 0 . 20 0 . 1 9  

0 . 1 7  

0 . 22 

o .  37 

0 . 01 0 . 1 0 0 . 32 

0 . 28 

0 . 09 

0 . 69 

0 . 43 

0 . 57 

0 . 01 o .  1 6  

0 . 1 2 -0 . 1 4 

0 . 28 - 0 . 08 

O . JJ -O . J1 

0 . 05 -0 . 24 

O . JO -0 . 09 

O . JS -0 . 35 

0 . 06 -0 . 24 

0 . 1 J  

0 . 27 

0 . 51 

0 . 1 0  

0 . 27 

0 . 2 5  

0 . 51 

0. J6 

0 . 1 9  

0 . 1 1  0 . 1 1  0 . 48 

0 . 27 0 . 30 0 . 4 1  

0 . 50 0 . 24 0 . 1 8  

0 . 59 

0.49 

0 . 49 

0.85 

0 . 56 

0 . 69 

0.84 

0 . 58 

0 . 69 

0 . 60 

0 . 49 

0 . 48 

o . us 
0 . 55 

0 . 69 

0 . 8 5  

0 . 5 7  

0 . 6 9  

0 . 44 -0 . 29 -0.06 0 . 1 5  -0 . 08 -0.06 -0 . 02 

0 . 1 9  -0.08 0 . 1 6  0 . 1 )  0 . 04 0 . 08 0 . 00 

0 . 1 5  0 . 07 0 . 48 -0 . 09 0 . 04 0 . 01 -0 . 38 

0 . 1 0  -0 . 1 5  

0 . 04 -0. 1 7  

0 . 06 -0 . 25 

0 . 3 1 -0.34 -0 . 1 8 -0 . 02 0 . 09 0 . 1 1  0 . 1 2  0 . 1 1  0 . 04 

0 . 40 -0 . 44 -0.05 0 . 47 -0 . 41 -0 . 24 0 . 06 0 . 31 0 . 24 

0 . 25 -0 . 2 2  o . oo 0 . 1 9  -0 . 24 -0 . 1 4  -0 . 08 0 . 08 -0 . 05 

0 . 69 -0 . 5 1  -0. 08 -0 . 07 -0 . 04 -0 . 05 0 . 20 

0 . 56 -0. 56 0 . 05 0 . 42 -0 . 1 8 -0 . 01 -0 . 06 

0 . 65 -0.69 -0 . 32 -0 . 1 J  -0 . 1 4 -0. 1 7  0 . 00 

0 . 4 1  

0 . 1 3  

0 . 07 

0 . 28 

0 . 06 

0 . 10 

0 . 74 -0 . 26 -0 . 02 -0 . 20 

0 . 54 -0 . 42 0 . 26 O . J 1 

0 . 5 7  -0 . 34 0 . 06 0 . 1 3  

0 . 1 2  

-0 . 04 

0 . 04 

0 . 7 J  -0 . 24 

0 . 56 -0 . 4 1  

0 .  5 7  -0. J J  

o . oo -0. 22 0 . 1 4  

0 . 24 0 . 26 -O . OJ 

0 . 06 0 . 1 4  0 . 05 

0 . 09 0 . 3 1  

0 . 1 0  0 . 02 

0 . 09 -0 . 30 

0 . 26 0 . 04 

0 . 04 -0. 1 1  

0 . 1 8 -0.05 

0 . 1 0  O . J1 0 . 27 0 . 05 

0 . 1 0  - 0 . 0 1  0 . 1 4 -0 . 02 

0 . 1 0 -0. 28 0 . 1 9  -0 . 03 

0 . 20 -0 . 07 0 . 1 6  0 . 1 5  0 . 59 0 . 80 0 . 8 0  0 . 8 0  -0.46 -0. 1 2  -0 . 1 4 0 . 03 0 . 00 0 . 25 0 . 27 0 . 1 5  

O . J8 - 0 . 29 0 . 20 0 . 32 O . JS 0 . 54 0 . 54 0 . 59 -0.52 0 . 28 +0 . 37 -0 . 1 4 O . OJ -0 . 05 0 . 1 3  - O . OJ 

0 . 24 -0. 1 1  0 . 25 0 . 2 3  O . J6 0 . 70 0 . 69 0 . 7 2  -0.60 -0 . 1 0  0 . 2 J  -0 . 05 -0 . 01 -0 . 2 1  0 . 1 8  0 . 06 

0 . 1 1  -0 . 05 

-0 . 30 0 . 08 

-0 . 4 0  -0 . 08 

0 . 1 7  -0 . 1 8  -0 . 56 -0 . 35 -0 . 33 - 0 . 5 9  0 . 7 7  0 . 30 -0 . 09 0 . 24 

0 . 00 -0. 1 5  -0 . 06 -0 . 22 -0 . 20 -0. 3 0  0 . 41 -0. 1 3  -0 . 40 0 . 2 7  

0 . 1 1  -0. 1 2  -0 . 45 -0 . 49 -0 . 49 -0 . 69 o .  77 0 . 2 5  0 . 09 0 . 1 4  

0 . 2 3  -0. 07 -0. 14 -0 . 29 

0 . 1 0  0 . 08 -0 . 08 0 . 02 

0 . 1 5  0 . 05 -0 . 1 0 -0 . 1 5  

0 . 00 -0 . 1 2  0 . 02 -0 . 2 1  -0 . 20 0 . 0 1  0 . 05 -0 . 09 0 . 26 0 . 9 0  -0. 24 0 . 60 0 . 56 0 . 24 0 . 1 7  -0. 01 

0 . 89 -0 . 06 0 . 40 0 . 40 0 . 05 -0.06 -0 . 06 -0 . 04 -0 . 3 3 -0 . 20 -0. 1 3  0 . 1 2 0 . 20 0 . 2 7  0 . 2 0  -0. 02 

-0 . 2 1  -0 . 1 5  0 . 43 -0 . 1 5  -0 . 44 -0 . 1 2  -0. 1 5  -0 . 2 8  0 . 35 0 . 8 3  0 . 04 0 . 32 0 . 30 -0 . 03 -0. 33 -0. 36 

-0 . 05 0 . 1 5  0 . 33 

0 . 34 -0 . 02 0 . 07 

-0. 1 5  -0 . 22 0 . 34 

0 . 02 0 . 1 4  -0.02 -0. 06 

0 . 07 0 . 30 0 . 22 0 . 1 7  

0 . 04 -0 . 1 1  0 . 1 8  0 . 1 8  

0 . 1 4  0 . 07 -0 . 1 4  0 . 04 -O . J1 0 . 1 5  

0 . 20 

0 . 20 

0 . 23 -0 . 20 - 0 . 2 2  0 . 1 4  -0 . 1 5  0 . 22 

O . OJ -0 . 1 6  -0. 2 8  0 . 7 1  - O . JJ -0 . 1 8  -0 . 1 2  - 0 . 07 -0 . 09 

0 . 2 J  -0.26 -0 . 07 0 . 70 -0 . 30 -0 . 08 -0 . 04 0 . 09 -0 . 0 1  

0 . 0 1  0 . 1 5  0 . 20 0 . 7 1  0 . 3 1  0 . 47 -0 . 01 -0 . 1 2  -0. 23 

0 . 04 

0 . 07 

0 . 24 

0 . 2 0  

0 . 6 9  -0 . 35 

0 . 60 -0 . 34 

0 . 86 

0.86 

0 . 82 0 . 24 0 . 1 3  -0 . 04 

0 . 78 -0 . 04 0 . 08 0 . 05 

-0 . 3 1  0 . 02 0 . 20 -0 . 20 -0 . 33 -0 . 1 9  -0 . 1 9 -0 . 25 0 . 08 0 . 3 9  0 . 1 4 0 . 8 1  0 . 77 0 . 1 8  -0 . 35 -0 . 48 

cw,, 0 . 1 2  0 . 09 -0 . 09 0 . 04 -0 . 30 0 . 14 0 . 1 9  0 . 05 0 . 2 1  0 . 6 8  -0 . 1 7  0 . 84 0 . 8 3  0 . 24 0 . 1 2  -0 . 05 

LG 

BUL 

RES 

- 0 . 0 8  -0 . 2 5  0 . 1 5  -0 . 1 2  0 . 33 0 . 25 0 . 25 0 . 1 2  0 . 1 1  0 . 58 -0 . 1 0  0 . 7 8  0 . 80 -0 . 07 0 . 1 0  0 . 05 

-0 . 31 -0 . 07 0 . 26 -0. 1 6  -0 . 34 -0 . 1 3  -0. 1 3  -0 . 24 0 . 32 0 . 42 0 . 3 5  0 . 8 1  0 . 80 0 . 1 5 - 0 . 34 -0 . 38 

0 . 1 4  

-0 . 29 

0 . 08 

0 . 1 J  -0 . 1 1  0 . 1 4 0 . 1 1  0 . 1 1  0 . 1 2  0 . 1 9  -0 . 26 0 . 2 5  -0 . 1 6 0 . 2 1  

0 . 1 3  0 . 03 -0 . 09 -0 . 1 4  -0. 1 5  -0 . 1 4 -0 . 23 0 . 3J - 0 . 04 -0 . 1 7  0 . 1 2  

0 . 38 -O . JS 0 . 02 0 . 20 -0 . 07 -0 . 05 0 . 09 -0 . 20 -0 . 20 0 . 2 0  0 . 1 5  

0 . 2 1  

0 . 08 

0 . 1 9  

0 . 4J O . Ol 0 . 05 

0 . 21 -0.42 -0. 22 

0. 70 -O.JS -0 . 1 0 

0 . 29 -0 . 1 6  0 . 02 0 . 1 5  0 . 24 0 . 3 1  

O . J4 -0 . 3 7  0 . 08 O . JJ 0 . 1 2  0 . 08 

O . J4 -0. 1 0  -0 . 27 0 . 00 0 . 1 1  0 . 03 

0 . 32 

0 . 09 

0 . 04 

0 . 09 -0. 1 7  - 0 . 04 0 . 09 0 . 09 0 . 07 0 . 08 

0 . 24 - 0 . 2 6  -0 . 04 0 . 29 0 . 20 0 . 08 0 . 1 0 

0 . 34 -0 . 1 0 -0 . 37 -0 . 01 0 . 08 -0 . 1 1  -0. 1 0  

0 . 29 -0 . 1 1  0 . 03 0 . 09 -0 . 0 3  - 0 . 03 0 . 09 0 . 8 5  

0 . 1 4  -0 . 1 8  -0 . 1 2  0 . 1 4 -0 . 05 -0 . 02 -0 . 1 4 0 . 73 

0 . 1 3  -0. 20 -0 . 44 -0 . 35 -0 . 42 -0 . 48 -0 . 39 0 . 8 1  

0 . 1 1  -0. 1 2  -O . U4 0 . 02 -0. 1 3  -0 . 1 3  -0 . 03 0 . 66 

0 . 1 2  -0 . 1 6  -0 . 1 4 0 . 08 -0.06 -0 . 06 -0 . 1 3  0 .  73 

0 . 02 -0 . 1 4  -0 . 46 -0 . 35 -0 . 39 -0 . 45 -0 . 33 0 . 76 

0. 53 

0 . 62 

o. 74 

0 . 62 

o. 70 

0. 79 

Correlations are a rranged in descending order of shearings 1 ,  2 and 3 .  

r>0 . 271 ( p<O . OS ) , r>0 . 351  (p<0 . 01 ) .  

HS = Hid-side , A v .  = Average o f  the fleece 
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Table A) Correlations between shoulder wool t r aits and fleece average ot shearings 1 ,  2 and 3 i n  f l ock B (pooled over sexes) 

Sh + 

Av � 
KS HG M! GCG SCG Y-Z STL YLO GWA CWA LG BUL RES 

KS 0. 7J -0 . 04 0 . 05 0 . 20 0 . 02 0 . 2J 0 . 22 0 . 1 7  -0 . 08 -0.06 0 . 1 8  0 . 20 0 . 24 -0 . 07 -0 . 02 -O . OJ 

0 . 62 -0 . 1 0  O . JJ 0 . 04 O . OJ O . J8 O . J6 O . J2 -0 . 1 4  -0 . 1 2  -0 . 1 0  0 . 04 0 . 0 1  -O . J4 0 . 4 7  0 . 26 

0 . 7) -0 . 04 0 . 1 9  -0.08 0 . 08 0 . )9 0 . )9 0 . )7 -0 . 1 9  -0 . 22 -0. 1 7  0 . 04 -0.02 -0 . 08 0 . 48 0 . 40 

HG -0 . 04 0 . 84 -0 . 25 0 . 44 0 . 2 1  0 . 1 0  0 . 08 0 . 1 9  -0 . 2 7  -0 . 02 0 . 2 7  -0 . 1 8  -0.09 -0 . 0 1  -0 . 04 -0.05 

-0 . 24 0 . 72 -O . SJ 0 . 2J 0 . 1 7  -0 . 24 -0 . 26 -0 . 1 5  - O . OJ -0. 2J 0 . 1 0  -0.48 -0.44 0 . 42 -0. 5 7  -O.J4 

M! 

-0 . 2 2  0 . 77 -0 .48 0 . 02 0 . 00 -0. )0 -0 . ) 1  -0 . 22 -0 . 1 4  -0 . )6 0 . )6 -0 . )2 -0. 1 8  0 . )6 -0 . 46 -0 . )7 

0 . 09 -0 . )2 

0 . )5 -0 . 4) 

0 . 1 8  -0 . 25 

0 . 9 5  -0 . 22 -0 . 06 0 . 1 0 

0 . 90 0 . 20 0 . 1 4  0 . 57 

0 . 8 5  0 . 42 0. 22 0. 56 

0 . 1 4  -0. 01 0 . 07 0 . 1 9  0 . 08 -O . OJ -0.02 -0 . 08 

0 . 58 0 . 45 -0 . 1 9 O . J8 O . J9 O . J4 0 . 4 1  -0 . 60 

0 . 56 0 . 54 -O . J1 O . J6 -0 . 28 -0 . 07 -0. 1 6  -0 . 54 

0 . 44 0 . )8 

O . J8 0 . 1 4  

0 . 1 7  0 . 02 

GCG 0 . 24 0 . 52 -0 . 1 8  0 . 05 0 . 5 1  0 . 44 0 . 40 0 . 54 -0. 58 -0 . 05 O . J5 -0 . 1 2  -O.OJ 0 . 04 -0 . 0 7  -0 . 07 

0 . 04 0 . 24 0 . 1 7  0 . 66 0 . 49 0 . 41 0.41  0 . 45 - 0 . 4 2  -0 . 04 O . JO -0. 1 9  -0 . 1 )  -0. 1 )  -0 . 22 -0. 1 )  

0 . 04 O . J5 0 . 06 0 . 67 O . J9 0 . 2 7  0 . 26 O . J2 - 0 . 40 -0 . 1 2 O . J8 -0. 44 -0 . 29 -0 . 1 9 -0 . 1 8  -0 . 20 

SCG -0 . 04 0 . 04 -0 . 00 0 . 41 0 . 87 0 . 7J 0 . 7 0  0 . 8) -0 . 80 -0 . 25 -O . OJ -0 . 26 -0 . 27 O . J6 -0 . 1 2  -0 . 09 

X 

-0 . 01 0 . 2 1  0 . 09 0 . 35 0 . 77 0 . 56 0 . 52 0 . 66 -0 . 69 -0 . 1 8 0 . 1 2  -O . JO -0 . 26 -0 . 09 0 . 04 0 . 0 5  

0 . 1 0  0 . 29 0 . 05 0 . 1 6  0 . 59 0 . 28 0 . 28 0 . 4 1  -0 . 6 7  0 . 27 0 . 1 4 -0 . 04 0 . 02 -0. 1 0  -0. 1 7  -0 . 20 

0 . 08 -0 . 0 3  

0 . 2 8 O . OJ 

0 . 07 0 . 26 0 . 6 8  0. 79 

0 . 44 0 . 49 0 . 59 0 . 80 

0 . 79 0 . 76 -0. 58 -0 . 1 5  -0 . 04 -0 . 1 7  -0. 1 9  0 . 31 -0 . 1 6  -0. 1 8  

0 . 7 8  0 . 78 -0 . 58 -0 . 02 0 . 2 1  -0. 1 0  -0 . 05 -0. 36 0 . 24 0 . 2 1  

0 . 3J -0 . 02 0 . 56 0 . 33 0 . 46 0 . 72 0 . 7 2  0 . 7 9  -0 . 73 0 . 23 -0 . 1 J -0. 1 1  -0. 1 5  - 0 . 43 0 . 2 7  0 . 1 4  

y 0 . 08 -0 . 04 0 . 08 0 . 24 0 . 65 0 . 79 0.79 0 . 74 -0 . 56 -0 . 1 4 -0 . 05 -0 . 1 7  -0 . 20 0 . 31 -0 . 1 6 -0 . 1 7  

2 

0 . 3 1  0 . 01 0 . 49 0 . 49 0 . 5) 0 . 80 0 . 7 9  0 . 76 - 0 . 5 5  -0 . 03 0 . 1 9 -0 . 04 0 . 02 -0 . 37 0 . 27 0 . 2 1  

O . J3 -0 . 0 5  0 . 56 0 . 3 2  0 . 46 0 . 73 0 . 7) 0 . 79 -0 . 7 2  0 . 24 -0 . 1 4 -0 . 09 -0. 1 )  -0 . 44 0 . 29 0 . 1 6  

0 . 06 

0 . 24 

0 . 20 

0 . 07 -0 . 09 

0 . 1 1  0 . 4 1  

0 . 1 7  0 . 37 

0 . 38 0 .  79 

0 . 50 0 .  7 1  

0 . 20 0 . 43 

0 .  79 

0 . 82 

0 . 53 

0 .  78 

0. 78 

0 . 53 

0 . 8 5  - 0 . 7 6  -0 . 23 -0 . 04 - 0 . 24 -0 . 25 0 . )6 -0 . 1 6  -0. 1 6  

0 . 85 -0 . 7 )  -0 . 01 0 . 23 -0. 14 -0.08 -0 . 32 0 . 22 0 . 1 7  

0 . 65 - 0 . 7 8  0 . 27 0 . 01 -0 . 1 7  -0 . 1 5  -0 . 32 0 . 0 5  -0 . 04 

Y-Z 0 . 00 -0 . 1 9 0 . 30 -0 . 49 -0 . 00 -0 . 65 -0 . 6 1  -0 . 82 0 . 87 0 . 30 0 . 03 0 . 26 0 . 2 7  -0 . 35 0 . 1 3  0 . 1 0  

S T L  

YLO 

-0 . 07 -0 . 25 -0. 1 6  -0 . 41 -0 . 81 -0 . 65 -0 . 56 -0 . 76 0 . 83 -0 . 03 -0 . 21 0 . 24 0 . 20 0 . 1 4 -0 . 08 -0 . 06 

0 . 02 -0 . 4 1 -0 . 03 -0. 1 5  -0 . 29 -0 . 1 5 -0. 1 4  -0. 31 0 . 68 -0 . 25 -0. 1 9  0 . 22 0. 1 5  0 . 09 0 . 27 0 . 29 

-0. 1 2  0 . 1 2  

-0. 1 1  -0. 1 6  

-0 . 2 9  -0 . 1 5  

0 . 1 8  0 . 05 -0 . 2 1  -0 . 07 -0.05 -0 . 1 2 0 . 1 7  0 . 90 0 . 1 1  

0 . 29 0 . 1 1  -0 . 02 0 . 09 0 . 1 0  0 . 04 0 . 05 0 . 87 0 . 24 

0 . 1 3 0 . 09 0 . 1 1  -0. 06 - 0 . 04 0 . 00 -0 . 1 2 0 . 84 0 . 21 

0 . 24 0 . 1 9  0 . 06 -0. 1 2  -0. 1 3  

0 . 35 0 . 4 2  -0 . 1 6  -0 . 08 -0 . 1 7  

0 . 1 8 0 . 24 -0 . 33 -0 . 24 -0 . 24 

0 . 24 0 . 37 -0 . 09 0 . 33 0 . 09 0 . 05 

0 . 06 0 . 1 6  0 . 04 0 . 1 2  0 . 3 1  0 . 1 1  

0 . 1 2  -0 . 04 -0 . 1 5  0 . 33 0 . 1 8  -0 . 0 1  

0 . 04 0 . 1 3  -0 . 1 9 0 . 1 6  

0 . 05 0 . 1 9  -0 . 3 2  0 . 1 3  

0 . 00 0 . 00 0 . 00 -0 . 04 

0 . 71 0 . 1 3  O . JO -0 . 04 -0. 20 -0 . 24 

0 . 71 -0 . 25 -0 . 06 -0 . 23 -O . OJ -0. 1 1  

0 . 92 -0 . 2 1  0 . 1 1  -0 . 1 9 -0 . 32 -0 . )2 

GWA 0 . 01 -0 . 1 2  0 . 02 -0 . 02 -0 . 30 -0 . 1 0  -0 . 1 0  -0 . 2 1  0 . 27 0 . 35 0 . 03 0 . 8 J  0 . 7 5  0 . 09 0 . 05 -O . OJ 

0 . 06 -0 . 45 0 . 34 -0 . 1 8  -0 . 2) 0 . 07 0 . 1 1  0 . 0 1  

-0 . 08 -0. 64 0 . 06 -0 . 32 0 . 1 8  0 . 00 0 . 0 1  -0. 01 

0 . 1 0  0 . 56 0 . 02 0 . 80 0 .  79 -0 . 1 4 -0. 06 -0. 1 4  

o . o1 o . 41 -o . o 1  o . 83 a .  7 9  -o . 1 2 o . o9 -0. 1 3  

CWA 0 . 09 0 . 05 -O . OJ 0 . 09 -0 . 26 -0 . 1 0 -0. 1 0  -0. 1 7  0 . 2 1  0 . 37 0 . 26 0 . 78 0 . 80 0 . 06 -0 . 02 -0. 1 1  

LG 

BUL 

0 . 08 -0 . 4 1  0 . 35 -0 . 14 -0 . 1 6  0 . 09 0 . 1 2  0 . 06 0 . 0) 0 . 62 0 . 22 0. 72 0. 77 -0 . 20 -0 . 08 -0. 1 7  

- 0 . 04 -0 . 64 0 . 00 -0 . 20 0 . 25 0 . 01 0 . 02 0 . 00 0 . 06 0 . 39 0 . 32 0 . 74 0 . 8 1  -0. 1 9  -0 . 22 -0 . 25 

-0 . 05 

-0 . 2 7 

-0 . 4 1  

0 . 1 0 0 . 0 1  0 . 1 9  0 . 4 1  0 . 45 0 . 4 )  0 . 42 -0 . )5 -0 . 1 0 0 . 04 -0 . 08 -0. 04 

0 . 35 -0. 60 -0 . 1 8  -0 . 2 1  - 0 . 5 2  -0. 52 -0 . 45 0 . 2 4  -0 . 20 -0 . 06 -0 . 2) -0.24 

0 . 57 -0.46 -0 . 1 8  -0 . 1 1  -0.42 - 0 . 44 -0 . 36 -0. 01 -0 . 1 0  0 . 1 0  -0 . 09 -0. 04 

0 . 68 -0.01 0 . 0 1  

0 . 56 -0 . 49 -0 . 24 

0 . 49 -0 . 4 5  -0. )2 

0 . 34 -0 . 23 0 . 29 0 . 05 0 . 01 0 . 1 5  

0 . 2 5 -0 . )5 0 . 41 0 . 04 0 . 1 2  0 . 45 

0 . 1 4  0 . 03 0 . 08 -0 . 22 0 . 20 -0 . 01 0 . 09 -0 . 1 4 0 . 1 5  0 . 1 8  

0 . 47 0 . )6 -0 . 14 0 . 03 -0 . 25 0 . 1 8  0 . 09 -0 . 37 0 . 7 1  0 . 56 

0 . 39 -0 . 36 0 . )1 -0 . 05 0 . 1 4 0 . 53 0 . 54 0 . 47 -0. 1 2  -0.07 -0 . 47 0 . 02 -0. 1 5  -0. 1 8  0 . 9 3  0 . 82 

RES 0 . 1 9  -0 . 2 1  0 . 1 8  -0.02 0 . 02 0 . 03 0 . 02 -0 . 03 0 . 06 -0 . 20 0 . 06 -0 . 1 0  -0.06 -0 . 2 1  0 . 1 9  0 . 32 

0 . 1 4 -0 . 2 4  0 . 1 4 0 . 01 0 . 04 0 . 30 O . J2 0 . 24 -0.07 -0 . 1 4 -O . J4 0 . 1 5  0 . 05 -0 . 1 1  0 . 60 0 . 72 

0 . 2 )  -0 . 4 1  0 . 00 -0 . 32 -0 . 04 0 . 2 1  0 . 2 1  0 . 1 5 0 . 09 -0 . 1 3  - 0 . 4 1  0 . 1 7  0 . 02 -0 . 08 0 . 84 0 . 8 5  

Correlations a r e  ar i'nnged i n  descending order of shearings 1 ,  2 and ) ,  ( Th i rd shearing ewes onl y ) . 

for shearings 1 and 2 :  r>0 . 2J6 ( p<0 . 05 ) ,  r>O . J0 7  (p<0. 01 ) .  for sheoring J: r>O . J2 7  ( p< 0 . 05) , r>0 . 41 9  ( p<0 . 01 )  

S h  = shoul d e r ,  A v .  = Ave rage o f  the fleece 



1 1.3 

Table A4 . Correlations between mid-side wool traits and fleece average at shearings 1 ,  2 and 3 in f l oc k  B (pooled over sexes) 

I�S + 

Av 

KS 

KS HG 

0 . 74 -0 . 06 

0 . 84 -0 . 22 

HI GCG SCG 

0 . 1 1  0 . 24 -0 . 02 0 . 1 1  

0 . 1 9  0 . 05 0 . 0 3  0 . 34 

y Y-Z STL YLD GWA CWA LG 

0 . 1 0  0 . 06 -0 . 0 1  0 . 06 0 . 22 0 . 04 0 . 1 1  -0.06 

0 . 39 0 . 28 0 . 1 0  -0 . 1 0 0 . 1 8  -0 . 1 3  -0 . 02 -0 . 14 

8UL 

0 . 1 2  

0 . 29 

RES 

0 . 08 

0. 23 

0 . 87 -0 . 1 9  - 0 . 06 -0 . 2 9  -0. 1 4  0 . 08 0 . 09 -0 . 1 0 0 . 29 -0 . 46 -0 . 08 -0 . 1 2  -0 . 1 4 -0 . 31 0 . 37 0 . 4 2  

H G  -0 . 01 0 . 82 - 0 . 2 0  0 . 39 -0 . 0 1  -0 . 1 0 -0 . 1 1  -0 . 04 -0.05 0 . 1 2  0 . 35 0 . 01 0 . 1 3  0 . 05 -0 . 21 -0 . 1 9 

-0 . 23 0 . 73 -0 . 54 -0 . 06 0 . 1 0  -0 . 2 3  -0 . 27 -0 . 1 5  -0 . 1 7  -0 . 08 0 . 07 -0 . 38 -0 . 32 0 . 43 -0 . 62 -0 . 52 

fll 

-0 . 05 0 . 75 -0 . 28 0 . 4 3  0 . 30 -0 . 27 -0 . 29 0 . 02 -0 . 36 -0 . 04 0 . 1 4  -0 . 55 -0 . 48 0 . 47 - 0 . 49 -0 . 52 

0 . 04 -0 . 31 0 . 96 - 0 . 1 3  0 . 0 2  0 . 22 0 . 24 0 . 1 2  0 . 01 

0 . 32 -0 . 53 0 . 86 0 . 1 8  -0 . 01 0 . 49 0 . 54 0 . 50 -0 . 1 5  

0 . 09 -0 . 33 0 . 75 0 . 07 0 . 0 1  0 . 55 0 . 56 0 . 34 0 . 0 1  

0 . 1 5  0 . 04 0 . 00 

0 . 38 0 . 09 O . JZ 

0 . 1 2  -0. 1 7  0 . 07 

0 . 0 1 0 . 07 0 . 57 

0 . 33 -0 . 59 0 . 53 

0 . 0 1  -0 . 32 0 . 35 

0. 55 

0 . 35 

0 . 1 3  

GCG 0 . 24 0 . 52 -0 . 1 4 0 . 86 0 . 39 0 . 22 0 . 1 9  O . JZ -0 . 42 0 . 03 0 . 1 8  0 . 04 0 . 1 0  0 . 1 8  -0 . 1 4  -0 . 08 

0 . 1 1  0 . 1 6  0 . 1 7  0 . 53 0 . 24 0 . 2 9  0 . 24 0 . 35 -0 . 34 -0 . 06 0 . 2 0  -0 . 1 3  - 0 . 07 -0 . 03 -0 . 02 -0 . 05 

-0 . 09 0 . 32 -0 . 03 0 . 8 0  0 . 4 2  0 . 34 O . JZ 0 . 4 7  -0 . 50 0 . 07 0 . 34 -0 . 45 -0 . 31 0 . 42 -0 . 1 6  -0 . 27 

scr. -o . o2 o . o9 -o . o3 0 . 2 1  o . o 6  0 . 63 o . 61 o . 7 7  - 0 . 82 -0 . 06 -0 . 05 -o . 2 1  -o . 2 1 0 . 37 -o . o1 -o . o2 

0 .  24 

-0. 1 2  

0 . 2 1  

0 . 37 

0 . 07 0 . 2 1  

0 . 03 0 . 51 

0 . 1 2  -0 . 03 0 . 08 

0 . 46 -0 . 04 0 . 39 

0 . 1 6  -0 . 08 0 . 30 

0 . 06 -0 . 05 0 . 09 

0 . 49 -0 . 08 0 . 4 2  

0 . 1 7  -0 . 09 0 . 30 

0 . 1 4  

0 . 2 6  

a .  37 

0 . 1 1  

0 . 2 6  

0 . 36 

0. 7 2  0 . 49 

0 . 8 8  0 . 54 

0 . 7 3  0 . 7 5  

0 . 4 3  0 . 78 

0 . 6 0  0 . 9 1  

0 . 71 0 . 74 

0 . 39 0. 78 

0 . 5 9  0 . 9 1  

0 . 06 0 . 05 -0 . 05 0 . 26 0 . 78 0 . 65 

0 . 4 3  0 . 03 0 . 35 0 . 27 0 . 4 2  0 . 7 2  

0 . 34 

0 . 51 

0 .  74 

0 . 66 

0 . 90 

0 .  74 

0. 74 

0 . 91 

0 . 55 - 0 . 56 -0 . 08 0 . 2 3  -0 . 44 - 0 . 2 9  -0 . 1 3  0 . 1 1  0 . 09 

0 . 7 7  -0 . 8 3  O . J3 -0 . 01 -0 . 1 6  -0 . 1 6  0 . 56 -0 . 07 -0 . 1 7  

0 .  7 7  -0 . 69 

0 . 79 -0 . 52 

0 . 8 7  -0 . 57 

0 . 76 -0 . 68 

0 . 7 9  -0 . 41 

0 . 8 7  -0 . 56 

0 . 0 1  - 0 . 0 1  -0 . 09 -0 . 1 2 0 . 35 

0 . 01 0 . 20 -0 . 2 1  -0 . 1 2  -0. 26 

0 . 1 9 -0 . 1 1  -0 . 08 -0 . 1 1  0 . 27 

0 . 03 -0. 1 1  -0 . 08 -0 . 1 2  0 . 34 

0 . 01 0 . 1 9  -0 . 1 5  -0 . 08 -0. 29 

0 . 1 8  -0 . 1 2  -0 . 06 -0 . 1 0  0 . 25 

0 . 00 

0. 34 

0 . 42 

0 . 02 

0 . 33 

0 . 43 

0 . 03 

0 . 2 7  

0 . 24 

0 . 0 5  

O . JJ 

0 . 26 

0 . 64 0 . 75 -0 . 79 -0 . 03 - 0 . 0 2  -0 . 1 4 -0 . 1 3  0 . 36 -0 . 04 -0. 01 

0 . 60 0 . 7 7  -0 . 6 1  0 . 04 0 . 26 -0 . 2 3  -0 . 1 0 -0 . 28 0 . 26 0 . 2 2  

0 . 02 0 . 1 1  0 . 21 0 . 49 0 . 73 0 . 00 0 . 78 0 . 9 1  -0 . 78 0 . 30 - 0 . 0 9  -0 . 1 9  -0 . 21 0 . 50 0 . 1 7  0 . 00 

Y-Z 0 . 04 -0 . 1 6  0 . 24 -0 . 4 0  -0 . 7 1  -0 . 41 -0 . 38 -0 . 60 0. 77 0 . 1 1  -0 . 1 0  0 . 1 9  0 . 1 3  -0 . 35 0 . 1 0  0 . 1 0  

-0 . 20 -0 . 2 3 -0 . 1 1  -0 . 2 3  - 0 . 38 -0 . 4 3  -0 . 22 -0 . 55 0 . 75 -0 . 08 -0 . 33 0 . 2 7 0 . 1 1  0 . 2 1  -0 . 08 0 . 04 

0 . 1 8  -0 . 35 -0 . 05 -0 . 55 - 0 . 74 -0 . 46 - 0 . 4 3  -0 . 75 0 . 8 9  -0 . 38 0 . 03 0 . 31 0 . 31 -0 . 71 0 . 22 0 . 33 

STL 0 . 06 0 . 03 0 . 1 4  -0 . 1 4 -0 . 25 -0. 1 8  -0 . 1 8  -0 . 23 0 . 25 0 . 82 0 . 20 0 . 43 0 . 4 6  -0 . 09 -0 . 0 1  -0 . 02 

-0. 1 0  -0 . 1 1  0 . 37 -0 . 03 -0 . 20 0 . 06 0 . 03 0 . 1 0  -0 . 1 6 0 . 9 1  0 . 1 5  0 . 4 1  0 . 43 -0 . 28 0 . 07 -0 . 03 

-0 . 6 3 -0 . 1 1  0 . 20 0 . 05 0 . 4 5  0 . 28 0 . 26 0 . 4 1  -0 . 46 0 . 9 2  0 . 02 0 . 43 0 . 41 0 . 26 -0 . 1 2  -0. 1 7  

YLO 0 . 1 7  O . JJ - 0 . 0 1  0 . 30 -0 . 1 1  -0. 1 6  -0 . 1 9 -0. 1 5  0 . 07 0 . 22 0 .  7 0  -0 . 0 1  0 . 24 -0 . 1 7  -0 . 01 -0 . 0 3  

GWA 

0 . 07 -0 . 05 0 . 05 0 . 33 0 . 02 0 . 1 1  0 . 1 0  0 . 1 6  -0 . 1 9  0 . 09 0 . 8 1  -0 . 05 0 . 26 0 . 07 -0 . 1 4 -0 . 0 1  

-0 . 05 0 . 33 -0 . 29 O . JJ 0 . 05 -0. 1 8  -0 . 1 8  -0 . 1 1  0 . 00 0 . 04 0 . 9 1  -0. 1 2  0 . 1 9  0 . 06 -0 . 30 -0 . 22 

0 . 26 -0 . 08 -0 . 01 - 0 . 03 -0 . 26 -0 . 1 4 -0 . 1 4 - 0 . 2 1  0 . 26 

-0 . 1 2  -0 . 30 0 . 35 0 . 04 -0 . 39 -0 . 05 0 . 08 -0 . 06 0 . 1 4 

-0 . 1 8  -0. 1 1  0 . 08 -0 . 2 5  0 . 03 0 . 07 0 . 07 0 . 08 -0 . 07 

0 . 4 0  0 . 1 1  0 . 78 

0 . 44 - 0 . 08 0 . 88 

0 . 25 -0 . 1 3  0 . 8 1  

0 . 74 0 . 01 -0 . 03 -0 . 04 

0 . 78 -0 . 24 0 . 09 0 . 1 8  

0 . 73 -0 . 04 -0 . 03 0 . 08 

CWA 0 . 3 1  0 . 05 -0 . 02 0 . 1 1  -0 . 29 -0 . 1 8  -0 . 1 9  -0 . 24 0 . 27 0 . 42 0 . 31 0 . 70 0 . 74 -0 . 01 -0 . 03 -0 . 04 

- 0 . 0 9  -0 . 30 0 . 38 0 . 1 1  -0 . 38 -0 . 02 0 . 07 -0 . 01 0 . 09 0 . 4 9  0 . 1 4  0 . 86 0 . 84 -0 . 23 0 . 05 0 . 1 7  

-0 . 20 0 . 0 1  -0 . 03 - 0 . 1 1  0 . 06 0 . 02 0 . 02 0 . 06 -0 . 08 0 . 26 0 . 20 0 .  7 5  0 .  7 8  0 . 00 -0 . 1 5  -0 . 01 

LG -0 . 03 0 . 1 1  -0 . 04 0 . 07 0 . 33 0 . 27 0 . 25 0 . 32 -0 . 36 0 . 08 0 . 06 -0 . 07 -0 . 02 0 . 60 0 . 02 -0 . 01 

-0 . 4 2  0 . 42 -0 . 59 -0 . 2 9  -0 . 09 -0.40 -0 . 39 -0 . 39 0 . 1 2  -0. 1 8  -0 . 20 -0 . 1 7  - 0 . 25 0 . 66 -0 . 62 -0 . 46 

-0 . 31 0 . 43 -0 . 22 O . JZ 0 . 21 -0.30 -0 . 33 0 . 03 -0 . 43 0 . 1 1  -0 . 1 5  -0 . 37 -0. 39 0 . 70 -0 . 55 -0 . 50 

8UL 0 . 22 -0 . 08 0 . 28 0 . 2 5  -0 . 01 0 . 1 2  0 . 1 3  0 . 07 0 . 03 -0 . 2 6  -0 . 06 -0 . 1 8  -0 . 1 9 0 . 04 0 . 59 0 . 56 

0 . 38 -0.40 

0 . 42 -0 . 48 

0 . 40 0 . 1 0  0 . 1 4  

0 . 04 -0 . 32 -0. 1 1  

0 . 40 

0 . 34 

0 . 36 

0 . 37 

0 . 35 -0 . 08 0 . 01 - 0 . 08 -0.06 -0 . 06 -0 . 49 0 . 85 

0 . 03 0 . 36 -0 . 1 8  -0 . 1 6 0 . 1 5  0 . 09 -0 . 38 0 . 93 

0 . 62 

0 . 86 

REs o . 1 o  -0 . 09 0 . 1 8  o . 14 -O . o3 o . o5 o . o6 o . 03 o . o2 -0 . 1 9  -o . 1 1  -0. 1 9  -o . 21 o . oe o . 54 o . 59 

0 . 2 9  -0 . 33 0 . 22 0 . 08 0 . 1 2 0 . 30 0 . 30 0 . 24 0 . 06 -0. 1 4  - 0 . 06 -0.09 -0 . 1 1  -0. 35 0 . 6 5  0 . 66 

0 . 33 -0 . 4 3  - 0 . 1 3  -0 . 4 6  -0 . 1 9 0 . 1 5  0 . 1 8  -0. 1 1  0 . 40 -0. 1 8  -0 . 1 7  0 . 2 7  0 . 21 -0 . 32 0 . 76 0 . 8 6  

Correla tions are a rranged in descending order of shearings 1 ,  2 and 3 .  ( T hird shearing ewes only. ) 

For shearings 1 and 2 :  r>0 . 236 ( p< O . OS ) ,  r>0. 307 ( p< O . O l ) .  F o r  shearing 3 :  r>0 . 327 ( p<0 . 05 ) ,  r>0 . 41 9  ( p<0 . 01 ) 

MS = Mid-s ide , A v .  = Average of the fleece 



T a t J l e  A 5 .  C o r r e l a t i ons of t h e  averaqf! of the t h i rd f l eece w i th v :-� r i ous wool t r a i t s  c s t imnted from shou l de r  and m i d - s i de 

nnd the a l l  po9 i t i ons B\ICP H)f! of t h e  fi rst f l eece i n  f l ock A, poolcc1 ovcr 9 C lC: e S  
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GCG 
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- 0 . } 2  

HG 
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-0 . 20 
-0 . 26 
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Table A6. Correl a t i ons of the average of the third fleece with various wool traits estimated from shoulder and mid-side 

and the all positions average of the first fleece in flock 0, pooled over sexes. 

AvJ -+ 

Fl 1 + 

KS 

HG 

HI 

GCG 

KS HG 

0 . 2 5  -0 . 1 7  

0 . 1 9  -0 . 31 

0 . 33 -0 . 24 

HI GCG 

0 . 29 o .  1 4  

0 . 30 0 . 01 

0 . 37 0 . 0 1  

SCG 

O . OB 

o . oo 

0 . 07 

X 

0 . 24 0 . 24 

0 . 21 0 . 22 

0 . 1 9 . 0 . 20 

Y-Z STL YLD GWA CWA LG BUL 

0 . 1 6 -0 . 02 -0 . 0 1  0 . 32 -0 . 1 6 -0.05 -0 . 4 7  0 . 33 

0 . 1 3  0 . 03 0 . 07 -0 . 1 6  0 . 07 0 . 00 -0 . 39 0 . 32 

0 . 09 0 . 07 0 . 02 0 . 1 2  0 . 04 0 . 07 -0 . 54 0 . 37 

RES 

0 . 1 5  

0 . 1 5  

0 . 1 9 

0. 1 7  -0 . 07 0 . 00 -0.03 0 . 00 0 . 02 0 . 03 0 . 03 -0.02 -0.05 0 . 22 0 . 22 

-0 . 06 0 . 1 1  -0 . 04 0 . 1 3  0 . 07 0 . 1 3  0 . 1 2  0 . 1 5  -0 . 1 5  -0 . 08 0 . 1 9  0 . 1 1  

0 . 29 -0 . 1 2  -0 . 1 4 -0 . 1 4 

0 . 1 7  0 . 06 -0 . 1 7  -0 . 1 3  

0 . 23 0 . 04 -0 . 2 7  -0 . 30 -0 . 01 0 . 1 4  -0 . 04 0 . 1 5  0 . 09 0 . 03 0 . 02 0 . 08 -0 . 1 4  - 0 . 05 0 . 34 0 . 1 1  

0. 1 1  -0 . 35 

0 . 1 0 - 0 . 4 8  

0 .  20 -0 . 48 

0 . 02 

0 . 00 

0. OB 

0 . 07 

0 . 1 1  

0 . 06 

0 . 66 -0 . 04 0 . 20 

0 . 52 -0 . 06 0 . 08 

0 . 68 -0 . 01 0 . 1 9  

0 . 05 o .  1 1  

0 . 1 6  0 . 27 

0 . 1 8  0 . 24 

0 . 02 

0 . 06 

0 . 1 0  

0 . 48 

0 . 35 

0 . 51 

0 . 03 

0 . 2 1  

0 .  2 2  

0.49 0 . 42 -0 . 23 0 . 31 - 0 . 2 7  

0 . 35 0 . 26 -0 . 08 0 . 30 -0 . 1 4  

0 . 53 0 . 38 -0 . 1 1  0 . 2 4  - 0 . 2 0  

0 . 1 0  

0 . 1 2  

0 . 1 3  

0 . 03 

0 . 2 1  

0 . 2 1  

0 . 03 -0.02 0 . 06 

0 . 1 7  -0 . 07 -0. 1 2  

0 . 1 8  -0 . 1 0  -0 . 01 

0 . 5 1  0 . 1 1  

0 .  3 1  -0. 07 

0 . 34 -0 . 04 

0 . 1 8  -0 . 2 7  0 . 1 5  -0 . 02 

0 . 07 -0 . 49 0 . 3 2  0 . 21 

0 . 06 - 0 . 5 1  0 . 37 0 . 1 6  

0 . 2 7  -0 . 08 -0 . 03 -0 . 09 

0 . 04 -0 . 05 0 . 06 -0 . 06 

0 . 07 -0 . 08 0 . 06 -0 . 07 

SCG 0 . 00 0 . 26 0 . 02 0 . 37 0 . 3 1  0 . 28 0 . 2 7  0 . 25 -0. 1 7  -0.06 0 . 39 -0 . 2 1  - 0 . 08 -0 . 1 4  0 . 1 2  -0 . 04 

Y - Z  

S T L 

0 . 1 2  0 . 24 -0 . 1 3  0 . 26 0 . 07 0 . 1 1  

0 . 1 4  0 . 32 - 0 . 1 3  0 . 38 0 . 1 9  0 . 1 6  

0 . 1 1  0 . 07 -0 . 0 1  -0. 1 7  

0 . 1 6  0 . 1 5  -0 . 09 -0 . 1 9  

0 . 2 1  - 0 . 2 6  -0 . 1 9  0 . 02 0 . 08 0 . 04 

0 . 34 -0 . 2 5  -0 . 1 3  -0. 05 0 . 01 -0 . 09 

0 . 34 -0 . 01 0 . 24 0 . 29 0 . 38 0 . 43 0 . 44 

0 . 22 

0 . 2 6  

0 . 26 0 . 08 0 . 04 0 . 2 7  0 . 2 1  0 . 2 1  

0 . 2 7  0 . 04 0 . 1 4  0 . 29 0 . 20 0 . 25 

0 . 35 -0 . 01 0 . 23 0 . 28 0 . 30 0 . 4 2  

0 . 24 0 . 08 0 . 05 0 . 26 0 . 2 1  0 . 21 

0 . 2 7  0 . 04 0 . 1 2  0 . 28 0 . 20 0 . 24 

0 . 4 3  

0 .  22 

0 . 2 5  

0 . 22 0 . 20 0 . 1 4  

0 . 26 0 . 1 6  -0 . 01 

o. 24 0 . 1 6  0 . 05 

0 . 38 

0 . 31 

0 . 33 

0 . 35 

0 . 1 8  

0 . 2 1  

0 . 35 0 . 35 

0 . 23 0 . 2 3  

0 . 23 0 . 24 

0 . 36 -0 . 1 8 -0. 1 1  0 . 1 7  -0. 1 0  -0.04 -0. 33 0 . 30 0 . 09 

0 . 1 9  -0 . 09 -0 . 1 3  0 . 1 7  -0 . 1 7  -0. 1 1  -0. 1 1  0 . 1 2  0 . 08 

0 . 20 -0 . 08 -0 . 1 8  0 . 1 4  -0 . 23 -0 . 1 9  -0 . 26 0 . 1 5  -0 . 02 

0 . 36 -0 . 1 8 -0. 1 2  0 . 1 6  -0 . 09 -0.03 -0. 33 0 . 30 0 . 09 

0 . 1 9  -0.09 -0 . 1 5 0 . 1 6  -0 . 1 8  -0 . 1 2  -0 . 1 0 0 . 1 2  0 . 07 

0 . 1 9  -0 . 07 -0 . 20 0 . 1 3  -0 . 23 -0 . 1 9  -0 . 25 0 . 1 5  -0. 01 

0 . 31 -0 . 1 8  -0. 1 1  

0 . 20 -0 . 1 0 -0 . 1 5  

0 . 2 0  -0 . 1 1  -0 . 1 8  

0 . 32 -0 . 24 -0 . 1 2  - 0 . 25 0 . 1 4  - 0 . 06 

0 . 25 -0 . 2 3  -0 . 1 4  -0 . 06 0 . 1 3  0 . 06 

0 . 25 - 0 . 2 9  -0 . 20 -0 . 20 0 . 09 -0 . 07 

-0 . 05 -0 . 34 -0 . 02 -0 . 38 0 . 2 5  -0 . 2 1  -0 . 20 -0 . 1 9  0 . 1 3  

0 . 1 0  

0 . 1 4  

0 . 08 -0 . 4 0  

0 . 1 3  - 0 . 3 1  

0 . 1 3  -0 . 38 

0 . 32 

0 . 2 5  

0 . 33 

0 . 1 8  

0 . 1 5  

0 . 20 

0 . 1 3  0 . 04 0 . 1 8  

0 . 02 -0. 1 1  -0 . 04 

0 . 09 0 . 01 0 . 1 4  

-0 . 25 -0 . 22 

-0 . 1 6  -0 . 30 

0 . 07 -0 . 31 -0. 1 3  -0 . 2 1  -0 . 2 1  -0 . 1 0 

0 . 05 -0 . 37 -0 . 21 - 0 . 2 0  -0 . 1 9 -0 . 1 9  

-0 . 26 -0 . 06 0 . 04 -0 . 0 1  

0 . 01 o .  25 -0 . 1 6  0 . 1 0  

-0 . 22 0 . 00 0 . 06 0 . 04 

0 . 20 

0. 33 

0 . 23 

0 . 03 0 . 03 

0 . 03 0 . 02 

0 . 05 0 . 05 

0 . 1 1  -0 . 1 8 0 . 50 -0 . 1 9  

0 . 1 4  -0 . 26 0 . 33 -0. 05 

0 . 1 3  -0 . 21 0 . 53 -0 . 1 3  

0 . 2 7  0 . 21 

0 . 02 0 . 00 

0 . 1 8  0 . 1 3  

0 . 25 -0 . 1 9  -0 . 09 

0 . 1 3  -0 . 1 0  - 0 . 08 

0 . 1 8 -0 . 1 6  -0. 1 3  

YLD -0 . 02 0 . 05 0 . 1 8  0 . 09 0 . 29 0 . 29 0 . 28 0 . 30 -0 . 24 0 . 1 2  0 . 31 -0 . 03 0 . 09 0 . 00 0 . 01 -0 . 07 

-0 . 09 0 . 02 0 . 2 7  0 . 1 7  0 . 30 0 . 1 6  0 . 1 6  0 . 22 -0 . 2 5  0 . 29 0 . 22 0 . 1 6  0 . 24 -0 . 1 5 -0 . 2 1  -0 . 39 

-0 . 07 -0 . 01 0 . 1 5  0 . 1 1  0 . 23 0 . 1 8  0 . 1 8  0 . 1 0  -0 . 1 4  0 . 23 0 . 37 0 . 1 3  0 . 26 -0 . 1 7 -0 . 08 -0 . 1 6  

GWA 0 . 27 -0 . 1 2 0 . 23 -0 . 24 0 . 05 0 . 1 8  0 . 1 9 0 . 1 2  0 . 00 -O . J4 -0 . 51 0 . 1 3  -0 . 04 - 0 . 02 0 . 1 8  U . 1 6  

0 . 04 -0 . 1 3  -0 . 03 -0 . 29 -0 . 09 -0. 1 3  -0. 1 2  -0 . 1 1  0 . 07 0 . 1 2  -0 . 38 0 . 30 0 . 1 5  -0 . 02 -0 . 1 2 -0 . 04 

0 . 1 8 -0 . 1 9  0 . 30 -0 . 2 1  0 . 09 0 . 1 7  0 . 1 8  0 . 1 2  0 . 00 0 . 06 -0 . 56 0 . 20 0 . 00 - 0 . 03 0 . 1 5  0 . 1 0  

CWA 

LG 

0 . 28 -0 . 09 0 . 25 -0 . 23 

0 . 02 -0 . 1 2  0 . 07 -0 . 23 

0 . 1 3  0 . 2 5  0 . 25 0 . 1 9  -0.07 0 . 01 -0 . 40 

0 . 01 -0 . 06 -0 . 06 - 0 . 02 - 0 . 03 0 . 22 -0. 30 

0 . 1 4  

0 . 33 

0 . 00 - 0 . 02 0 . 1 7  0 . 1 4  

0 . 22 -0 . 07 -0 . 1 8  -0 . 1 6 

0 . 1 6  -0 . 1 9  0 . 32 -0 . 1 8 0 . 1 6  0 . 23 0 . 24 0 . 1 8  -0 . 05 0 . 1 4  -0 . 40 0 . 2 5  0 . 1 1  -0 . 09 0 . 1 2  0 . 06 

0 . 22 0 . 09 -0 . 1 8  -0.02 

-0.� O . M  0 . �  0 . �  

0 . 0 3  0 . 06 0 . 08 0 . 1 2  

0 . 35 

0 . 37 

0 . 4 5  

0 . 1 4  0 . 1 5  0 . 1 9  -0 . 20 0 . 05 -0 . 09 0 . 1 1  0 . 07 -0 . 08 

0 . 36 0 . 37 0 . 38 -0 . 3 1  0 . 01 -0. 02 -0 . 05 -0 . 06 - 0 . 08 

0 . 33 0 . 34 0 . 40 -0 . 38 0 . 27 0 . 03 0 . 05 0 . 05 -0 . 1 2  

0 . 1 7  0 . 1 3  

0 . 1 7  0 . 0 3  

0 . 08 -0 . 07 

BUL -0 . 02 -0 . 1 2  0 . 1 5  -0 . 07 0 . 01 0 . 1 6  0 . 1 6  0 . 1 2  -0 . 05 -0 . 1 7  -0 . 09 -0 . 1 0 -0 . 1 2  -0 . 09 0 . 22 0 . 1 3  

0 . 1 2  -0 . 2 8  0 . 20 -0 . 07 -0 . 1 0 0 . 29 0 . 30 0 . 1 5  0 . 07 0 . 04 -0 . 09 -0 . 1 9  -0 . 2 3  - 0 . 25 0 . 63 0 . 60 

0 . 1 8  -0 . 29 0 . 1 2  -0 . 1 5  -0 . 05 0 . 30 0 . 3 1  0 . 1 8  0 . 03 -0 . 1 5  -0 . 1 8  -0 . 1 0 -0 . 1 6  - 0 . 24 0 . 68 0 . 66 

RES -0 . 1 1  -0 . 0 1  -0 . 08 -0 . 02 0 . 06 0 . 03 0 . 0 3  0 . 00 0 . 04 -0 . 08 -0 . 02 -0 . 06 - 0 . 07 -0 . 1 2  0 . 23 0 . 24 

0 . 1 6  - 0 . 1 4  0 . 04 0 . 03 -0 . 02 0 . 30 0 . 30 0 . 21 -0 . 05 -0.04 -0 . 1 7 -0 . 1 8  -0 . 24 -0.05 0 . 46 0 . 46 

0 . 04 -0 . 1 0  -0 . 1 8  -0 . 1 2  -0 . 05 0 . 09 0 . 1 0  0 . 02 0 . 00 -0 . 1 4  -0 . 1 3  -0 . 1 3  -0 . 1 8  -0 . 1 0  0 . 56 0 . 64 

C o r rela tions a re arranged in descending order of shoulder, mid-side and the a l l- pos i t i ons averaqe ·of the first fleece. 

r > 0 . 236 ( p< 0 . 0 5 ) , r>0. 307 (p<0 . 01 ) .  

A v 3  = average o f  shear ing 3. , f l 1  = fi rst sheari ng ( Th i rd shearing ewes onl y) .  

1 ?..5 



1 26 

REFERENCES 

ACHARYA, R . M . ; MALH I ,  R . S . ; ARORA,  C . L .  ( 1 972 ) . Stud i es on s amp l i ng 

p roced ure  for asses s i ng woo l q u a l i ty i n  I nd i an s heep : 

Determi n at i on of body reg i on for s amp l i ng .  A prel i mi n ary 

n ote . Indian J. Anim . Sci . 42: 1 043- 1 044 . 

ALEXANDER , G .  ( 1 958 ) . Heat product i on of newborn l ambs i n  re l at i on 

to  type of b i rthcoat . Proc . A u s t . Soc . Anim . Pro d .  2 :  

1 0- 1 4 .  

AL I ,  M . A . ; WH I TE LE Y ,  K . J . ; CHAUDR I , M . A .  ( 1 97 1 ) . I I .  The i nf l uence  

o f  f i bre characteri st i cs  on  the t act i l e  appr ai s a l  of l oose  

woo l . J .  Text . Inst . 62 : T375-381 . 

ANDERSON , S . L . ; CLEGG , D . G .  ( 1 963 ) . P hys i c a l  test methods for 

c arpet s .  Text . Inst . Ind . 1 ( 2 ) : 6-8 .  

ASTM .  ( 1 958 ) . Tentat i ve method of  test  for  extractab l e  matter i n  

oven d r i ed WOOl . Ameri can Soci e t y  for Tes ting Materi a l s . 

D 1 574-58T ,  1 958 .  

BAG I ROV , J u . D .  ( 1 968 ) . Se l ect i on for f l eece u n i formi ty at an e ar l y  

age . Ani m . Breed . Abstr . 3 7 :  No . 477 . 

B EDFOR D ,  J . ; ROS S ,  D . A . ; CARNABY , G . A . ; LAPPAGE , J .  ( 1 97 7 ) : WRONZ 

f i bre b u l  kometer 11  I nstruct i on Manu  a 1" .  WRONZ report . 

B ELL , A . K .  ( 1 981 ) The respons i b i l i ty and reports of work i ng grou p s .  

Proc . Carpet Wool Workshop , B u rn i e ,  Tasman i a ;  203- 2 1 4 .  

B I GHAM , M . L .  ( 1 97 5 ) . G u i de l i nes  for wool product i on i n  New Zeal and . 

Sheepfarming Annua l , 1 9 75 . 



B I GHAM , M . L . ; ME YER , H . H . ; SMEATON , J . E . ( 1 983a) . The h er i t ab i l i ty 
of l oose  woo l  bu l k  and co l o ur trai ts and tne i r  genet i c  and 
phenotyp i c  corre l at i ons  w i t h  other woo l  trai ts . Proc . N . z . 

Soc . Anim . Prod . 43 : 83- 8 5 . 

B I GHAM , M . L . ; SUMNER , R . M . W . ; HAWKER , H . ; F I TZGERAL D ,  J . M .  ( 1 983b ) . 
F l eece tendernes s ,  a rev i ew .  Proc . N . z .  Soc . Anim . Prod . 

4 3 : 73- 78 .  

1 21 

B I GHAM , M . L . ; SUMNER , R . M . W . ; COX , N . R .  ( 1 984a) . The meas urement  and 
sources of var i at i on of l oo s e  wool b u l k  i n  Romney, Coopworth 
and Perenda l e breed s .  N . Z .  J .  Exp . Agri c . , 12:  23-28 .  

B I GHAM , M . L . ; S UMNE R ,  R . M . W . ; COX , N . R .  ( 1 984b ) . Sources of  
var i at i on and exper i mental  de s i gn cr i ter i a  for wool  co l ou r  
meas urement  appl i ed t o  Romney , Coopwo rth and P erenda l e 
f l oc k s . N . Z .  J .  Exp . Agri c .  1 2 :  23 .1 -236 . 

B I GHAr� , fV l. L . ; SUMNER , R . f� . W . ; CLARKE , J . N . ; JOHNSON , D . L .  ( 1 985 ) .  
I nher i tance  of  l oose  woo l b u l k i n  Romney and Perenda l e 
s h eep . Proc . N . Z .  Soc . Anim . Prod . 45 : 2 1 3-2 1 5 .  

BLA I R ,  H . T .  ( 1 98 1 ) .  Response to sel ect i on for open face and greasy 

fl eece wei ght in Romney sheep . P h . D . The s i s ,  Mas sey 
U n i vers i ty ,  New Zeal and . 

BORUM , K .  ( 1 954 ) .  Hai r pattern and hai r s ucces s i o n i n  t he  A l b i no 
mou s e .  Acta Path . 34 : 5 2 1 -54 1 . 

BRATT , R . L .  ( 1 96 5 ) .  The  effect of stap l e strength  on worsted 
proces s i ng .  I I I .  F i bre l engtn  d i s tr i but i on and sp i n n i ng .  
J .  Text . Inst . 56 : T62 - 7 2 . 

BRATT , R . L . ; ROS S ,  0 . 1� . ; STORY , L . F .  ( 1 96 <1 ) . The effect of s t ap l e  
streng tr 1  on wors ted proces s i ng .  I I .  Card i ng and comb i ng of 
58/60s . J .  Text . Inst . 55 : T 1 6 5 - 1 7 4 .  

B URNS , M .  ( 1 9 55 ) .  Obs ervat i on s  on  Mer i no X Herdw ick  hybr i d  s heep  
w i th s pec i a l  reference to  t he  f l eece . J .  Agric .  sci . ,  camb . 

46 : 389-406 . 

BURNS , M .  ( 1 966 ) .  Mer i no b i rth coat f i bre types  and the i r  fol l i cu l ar 
or i g i n .  J .  Agri c .  Sci . ,  Camb . 6 6 : 1 5 5- 1 7 3 .  

BURNS , r� . ( 1 96 7a ) . The  Kats i na woo l proj ect . I .  The coat and sk i n  
h i sto l ogy of some northern N i ger i an hai r sheep and th e i r  
Mer i no crosses . Trap . Agri c . , Tri n . 4 4 :  1 7 3- -1 92 .  

BURNS , M .  ( 1 96 7 b ) . The Kats i na \'100 1 project . I I .  Coat and s k i n  
data from 3/4-Me r i no and Wen s l eyda l e cros s es . Trap . Agri c .  

Trin . 44 : 253-2 74 .  

BURNS , M .  ( 1 972 ) .  E ffects of  ova  transfer  on the  b i rthcoats of l amb s .  
J .  A gri c .  Sci . , Camb . 78 : 1 -6 .  



BURNS , M . ; RYDER , M .  L .  ( 1 974 ) . Effect of egg transfer on tile s k i n  
f o l l i c l es and  b i rth coats of t he  F i n n i s h L andrace and Soay 
l amb s .  J .  A gri c .  Sci . ,  Camb . 82 : 209-2 1 6 .  

BURNS , R . H . ; JOHNSTON , A . ; CHE N ,  W . C .  ( 1 940 ) . The i mprov eme nt  of 
C h i nese and other carpet woo l s .  J .  Text . Inst . 3 1 :  

T37  -48 . 

CARN 3Y , G . A .  ( 1 97 8 ) . C arpet wool s a nd c arpets : A s ummary of WRONZ 
research . I n  Carpet wools - carpet manu facture . ( Ed .  
Story , L . F1. )  WRONZ , C h r i stchurc h ,  Ne\'/ Zeal a nd : 43- 5 0 .  

CARNABY , G . A .  ( 1 979 ) . 
woo l s .  Wool 

B u l k and med u l l at i on propert i es of carpet 
5 :  29-3 2 . 

CARNABY , G . A . ; GROSBERG , P .  ( 1 976 ) . The tens i l behav i our of stap l e­
f i bre yarn s  at smal l extens i on s .  J .  Text . Inst . 76 : 

T299-308 .  

CARNABY , G . A . ; ELL I OTT , K . H .  ( 1 980 ) . B u l k :  a woo l tr a i t of 
i mportance t o  the carpet i nd u stry. Proc . N . z .  Soc . Anim .  

Prod . 40 : 1 96-204 . 

CARNAB Y ,  G . A . ; ROSS , D . A . ; ELL I OTT , K . H .  ( 1 984 ) . The effect of 
f i bre and proces s i ng var i ab l es on yarn bu l k  and re l ated 
propert i es of  wool carpets . J .  Text . Inst . 75 : 1 - 1 6 .  

CARTER ,  H . B . ; T I B B I TS ,  J . P .  ( 1 959 ) . Postnat a l  growth c hanges  i n  the 
s k i n fol l i c l e  popu l at i on of the  New Zea l a nd Romney a nd 
N-type s h eep . J .  Agri c .  Sci . ,  Camb . 52 : 1 06 - 1 1 6 .  

CHAPMAN , R . E . ; YOUNG ,  S . S . Y . ( 1 95 7 ) . A st udy of woo l prod uct i on per 
u n i t  area of sk i n  i n  Austral i a n Mer i no sh eep . Aust . J .  

A gri c . Res . 8 :  723- 7 32 . 

CHAPMAN , R . E . ;  WHEELE R ,  J . L .  ( 1 963 ) . Dyeband i ng :  a tec h n i q u e  for 
f l eece growth stud i es .  Aust . J .  sci . 26 : 53- 5 4 .  

CHASE , H . B . ; SL I VE R ,  A . F .  ( 1 969 ) . The  b i o l ogy of h a i r  growth . I n  
The biologi ca l basis of medi cine . ( Ed .  B i ttar , E . E . )  
Academ i c Pre s s ,  Londo n ,  6 :  3 - 1 9 .  

CHAUDR I ,  M . A . ; WH I TEL E Y , K . J .  ( 1 968 ) . The i nf l uence of natura l  
v ar i at i on s  i n  fi bre propert i es on the bu l k compre s s i on of  
wool . Text . Res . J .  3 8 : 897 -906 . 



1 19 

CHOPRA ,  S . C .  ( 1 978 ) . Genotype-environment interaction and geneti c 
parameters in New Zealand Romney sheep . Ph . D .  Thes i s ,  
Mas sey U n i ver s i ty ,  New Zea l and . 

CLARK , M . J . ; WH I TELE Y ,  K . J .  ( 1 978 ) .  Some a spects  of t h e  meas urement  
o f  co l o ur i n  rav1 woo l . J .  Text . Inst . 6 9 :  T 1 2 1 - BO . 

COCKREM ,  F .  ( 1 962 ) .  A re l at i o n s h i p  between  s k i n  temper ature  and 
amo unt of wool grown on  v a r i ous  pos i t i ons  on the N ew Zea l and 
Romney Marsh s heep . Na t ur e  196 : 560-5 6 1 . 

COCKREM ,  F .  ( 1 963 ) .  B ody gr o\IJth and f l eece dev e l opment  i n  the New 
Ze a l and Romney N- type s h ee p .  Anim . Breed . Abstr . 3 1 :  

445 -453 .  

COCKR EM ,  F . ; W I CKHAM , G . A . ( 1 960 ) .  Some pre l im i nary ob serv a t i o n s  on 
f ac t ors affect i ng the  temperature at the  sk i n  s urface  of  the  
Nev1 Ze a l and  Romney s heep . N . Z .  J .  A gri c .  Res . , 3 :  

1 0 1 5 - 1 026 . 

COLL I N S ,  J . D . ; CHA IK I N ,  M .  ( 1 968 ) . Struct ura l  and non - s tructura l  
effects  i n  t he  obs erved s t re s s - stra i n  cu rve for  wet woo l  
f i bres . J .  Text . In st . 5 9 : T379-400 . 

DERBYSH I R E ,  M . B .  ( 1 975 ) .  Sk i n  fo l l i c l e  dev e l opment i n  Chev i ot and 
Dorset Horn cross  foetu s e s . J .  A gri c .  Sci . , Camb . 84 : 

40 1 - 406 . 

DESHPAND E ,  A . K .  ( 1 948 ) .  Studies on the biology of the fleece of the 
Scottish Mountain Blackface lamb . P h . D .  The s i s ,  L eed s 
Un i vers i ty ,  U . K .  

DON EY , J . M .  ( 1 959 ) .  V ar i at i on i n  f i bre and s tap l e  l e ngtn  over t h e  
body of the  s 11eep . Aust . J .  Agric .  Res . 7 0 :  299 -304 . 

DON E Y ,  J . M . ( 1 96 3 ) . The  f l e ece of  t h e  Scott i s h B l ackface s heep . 
I I I . The re l at i ve i mpor t a nce of the  f l eece compo nents . 
J .  Agri c .  Sci . ,  Camb . 6 7 :  45-53 . 

DOWNES , J . G .  ( 1 975 ) .  C haracter i st i c s of greasy woo l , t ne i r  
measurement  and s i gn i f i cance  i n  man ufact ure . Proc . v 

In tern . Wool Text . Res . Conf . , Aachen 4 :  1 3- 2 3 . 

DRY , F . W .  ( 1 926 ) .  The coat of t h e  mouse ( mus muscul us ) . J .  Genet . 

7 6 :  287 -340 . 

DRY ,  F . W .  ( 1 935 ) .  H a i ry f i bres o f  t h e  Romney s heep . Col lected 

reprints from N . Z .  J .  a gri c .  46 and 48 . 

DRY , F . W .  ( 1 940 ) .  
R omney . 

Recent work on  t h e  woo l  zoo l ogy of t h e  New Zea l and 
N . Z .  J .  Sci . Technol . 22 : 209-220 . 

DRY , F . vJ .  ( 1 955a ) . Mu l t i fact or i a l  i nher i tance  of  ha l o - h a i r  abund a nce 
i n  New Ze a l a nd Romney s he e p .  A us t . J .  Agri c .  Res . 6 :  608-
6 2 3 . 



DRY , F . W .  ( 1 95 5 b ) . The domi n a nt  N gene i n  New Ze a l and  Romney sheep . 
Aust . J .  Agri c .  Res . 6 :  7 25 - 769 . 

DRY , F . W . ( 1 955c ) . The rece ss i ve N gene  i n  New Zea l a nd Romney s h eep . 
Aust . J .  Agri c .  Res . 6 :  833-862 . 

1 '30 

DRY , F . W . ( 1 965 ) .  L amb f i bre types . I n  Biology of the skin and hair 

growth . ( Eds . Lyne , A .  G . ; Short , B .  F . ) An g u s  & Robert son , 
Sydney,  Austra l i a : 89- 1 04 .  

DRY ,  F . W .  ( 1 97 5 ) .  The archi tecture of lambs ' coat s , a specul a t i ve 

study . Mas sey U n i vers i ty ,  P a l merston  North , New Z e a l and . 

DRY , F . W . ; McMAHON , P . R . ; SUTH ERLAND , J . A . ( 1 940 ) . A mende l i an 
s i t u a t i on  i n  the  b i rthcoat  of  tne  New Ze a l a nd Romney l amb . 
Na t ure 145 : 390 .  

DRY ,  F . W . ; FRAS E R ,  A . S .  ( 1 94 7 ) .  Mende l i an i n her i t ance  i n  Romney 
s heep . Proc . N . z . Sci . Gong . :  243 . 

DUE R DEN , J . E . ( 1 92 7 ) .  E vo l u t i on i n  t he  f l eece of t he  s heep . s .  A fr .  

J .  Sci . 26 : 388-4 1 5 .  

DUER D E N , J . E . ( 1 92 9 ) .  The  zoo l ogy of the  f l eece of t h e  s hee p .  s .  

Afr . J .  Sci . 26 : 459 ·-469 .  

DUER D E N , J . E . ;  S EALE , P . M .  ( 1 92 7 ) .  A new type of fi bre i n  t n e  
Mer i no .  J .  Text . Inst . 1 8 :  T26 5 - 2 73 . 

DUERDEN , J .  E . ; BOYD ,  E .  ( 1 930 ) .  The  b l ack head Per s i a n .  S .  Afr . 

Dept . Agric . Bull . No . 83 . 

DU NLOP , J . I . ;  CARNABY , G . A . ; ROSS , D . A .  ( 1 974 ) . B u l k .  I .  The  b u l k 
of l oo se  wool . WRONZ Communica tion No . 2 8 . 

E BL I NG , F . J . ( 1 965 ) .  Compa rat i ve and evo l u t i onary aspects  of h a i r  
rep l a cement . � Compara t i ve physiology and pathology of 
the skin . ( Ed s .  R ook . A . J . ; W a l ton , G . S . ) B l ackwe l l 
Sc i ent i f i c  Pub l i c at i o n s ,  Oxford , U . K . : 87 - 1 02 . 

E L GABBAS , H . M . H .  ( 1 978 ) . Birthcoa t fibre t ype arrays and kemp 
succession in Barki sheep . M .  Agr i c .  Sc i .  The s i s ,  A i n S h ams 
Un i ver s i ty ,  C a i ro ,  E gyp t .  

E L L I OTT ,  K . H .  ( 1 984 ) .  Pr i ce premi ums for h i g h - b u l k  Perend a l e  ewes . 
Proc . N . Z .  Soc . Anim . Prod . 44 : 4 1 -44 . 

E L L I OTT , K . H . ; C ARNABY , G . A . ( 1 980 ) .  B u l k .  V .  The effect of l oo s e  
woo l b u l k on  t h e  b u l k a n d  other  propert i e s o f  c ar pe t  yarn s . 
WRONZ Communi ca t i on No . 68 . 

E L P H I Ck) B . L .  ( 1 932 ) . 
the f l eece .  

A s i mp l e  test  for the  detect i on o f  h a i r i ness  i n  
Massey Agric .  Col l ege Bull . 3 .  New Ze a l and . 



F RASER ,  A . S .  ( 1 95 1 ) .  
Na t ure 16 7 :  

Compet i t i on between s k i n fo l l i c l e s i n  s hee p .  
202-203 . 

F RASE R ,  A . S .  ( 1 952a ) .  Growth of wool fi bres i n  s h eep . Aust . J .  

Agri c .  Res . 3 :  4 1 9-434 . 

F RASER ,  A . S .  ( 1 952b ) . Growth of the N-type f l eece . Aust . J .  A gri c .  

Res . 3 :  435-444 . 

FRASE R ,  A . S .  ( 1 953 ) .  F actors i n  the  genet i c  determi nat i on of  f l eece 
str ucture i n  s hee p .  J .  Genet . 5 1 :  222-236 . 

FRASER , A . S . ; HAMADA , M . K . O .  ( 1 952 ) .  Observat i on s  on  the  b i rthcoats 
and sk i n s of severa l  breed s and cros ses  of Br i t i s h sheep . 
Proc . Roy .  Soc . Edinburgh B64 : 462- 4 7 7 .  

F RASER ,  A . S . ; SHORT, B . F .  ( 1 952 ) .  Compet i t i on between sk i n  fol l i c l es 
i n  s heep . A ust . J .  Agri c .  Res . 3 :  445-45 2 .  

F RASER ,  A . S . ; ROSS , J . M . ; W R I G HT ,  G . M . ( 1 954 ) . Deve l o pment  o f  the 
f i bre popu l ati on i n N-type s heep . A ust . J .  A gri c .  Res . 5 :  

490- 502 . 

FRASER ,  A . S . ; SHORT , B . F .  ( 1 96 0 ) . The  b i o l ogy of the f l eece . Anim . 
Res . Lab . Techn . Paper No . 3 .  C . S . I . R . O . , Au stra l i a . 

GAL LAGHER ,  J . R .  ( 1 97 1 ) .  An eva l u at i on of Mer i no wool q u a l i ty .  I l l .  
The pred i ct i on of  u n i formi ty of f l eece ch ar act ers from 
f l eece and sk i n  ch aracters of  the b i rthco at .  J .  A gri c .  

Sci . ,  Camb . 76 : 2 1 1 -2 1 5 .  

GALP I N ,  N .  ( 1 93 5 ) . The pre-n atal  deve l o pment of the coat o f  the New 
Zea l and Romney l amb . J .  Agri c .  sci . , Camb . 25 : 344-350 . 

GALP I N ,  N .  ( 1 936 ) .  The occurrence of a br i tc h-po l l f i bre type array 
grad i ent i n  the  New Zeal and Romney l amb . Empi re J .  Exp . 

Agri c .  4 :  1 1 6- 1 28 .  

G I LMOUR , A . R .  ( 1 981 ) .  REG , a genera l i sed linear models programme . 
Dept . An i mal Sc i . ,  Massey Un i vers i ty ,  N ew Zeal and . 1 07 p p .  

GJE DREM , T .  ( 1 972 ) . A s t udy on  the  defi n i t i on of t h e  aggregate 
genotype i n  a se l ect i on i ndex . Acta Agri c .  scand . 22 : 

1 1 - 1 6 .  

GOOT , H .  ( 1 940 ) . Studies of the coat of the New Z ealan d  Romney lamb . 
M .  Agr i c .  Sc i .  Thes i s ,  Massey Un i vers i ty ,  New Ze a l and .  



GOOT , H .  ( 1 945 ) .  H a i r i ness i n  wool . I I I .  Growth of h a i r i ness  i n  
New Ze a l and Romney Marsh l amb s .  N . Z .  J .  Sci . TechnoL 2 7 :  

349-3 5 9 .  

GRANDSTAFF , J . O . ( 1 942 ) . E v a l u at i on o f  f l eece y i e l d  i n  the  
i mp rovement of N avajo  s heep . J .  Anim . Sci . 1 :  58-59 .  

G U I R G I S ,  R . A .  ( 1 96 7 ) . F i bre type arrays and kemp succes s i on i n  
s heep . J .  A gri c .  Sci . ,  Camb . 68 : 7 5 -85 . 

G U I RG I S ,  R . A .  ( 1 97 7 ) .  Materna l  i nf l uence on s heep product i on :  a 
s tudy of some b i rth tra i ts of l amb s .  J .  Agri c .  sci . , Camb . 

8 9 :  535-540 . 

132 

GU I RG I S ,  R . A .  ( 1 97 9 ) . B i rthcoat f i bre type arrays of l ambs and some 
adu l t  f l eece trai ts . J .  A gri c .  Sci . ,  camb . 93 : 1 95-201 . 

G U I RG I S ,  R . A .  ( 1 980 ) .  Response to the  u se  of Mer i no i n  i mprovement 
of  coarse-wool B ark i sheep : an ana l ys i s  of some cross - bred 
woo l trai ts . J .  Agri c .  sci . ,  Camb . 95 : 339 -347 . 

G U I RG I S ,  R . A .  ( 1 982 ) .  L amb b i rth coat re l at i onsh i p  to the  ad u l t  
f l eece i n  Me r i no ,  coarse wool B ark i and Mer i no X B ark i s heep 
crosses . J .  A gri c .  sci . , Camb . 99 : 1 3 1 - 1 38 .  

G U I RG I S , R . A . ; GALAL , E . S . E .  ( 1 972 ) .  T h e  assoc i at i on between kemp 
and some v i go ur and wool c h aracter i st i c s i n  B ark i and Mer i no 
B ark i cros ses . J .  A gri c .  sci . ,  camb . 78 : 345-349 . 

G U I RG I S , R . A . ; E LGABBAS , H . M . H . ; GALAL , E . S . E . ; GHONE I M ,  K . E .  ( 1 9 79a ) . 
B i rthcoat- ad u l t f l e ece rel at i ons h i p :  a study of kemp 
s ucces s i on i n  a coarse wool breed of sh eep . J .  Agri c .  sci . ,  

Camb . 92 : 427-436 . 

G U I RG I S ,  R . A . ; KAZZAL , N . T . ; ZAGHL OUL , A . M .  ( 1 9 79b ) . The st udy of 
kemp s uccess i on i n  the  adu l t  f l eece of two coarse-wool 
breed s of sh eep i n  re l at i on to the b i rthcoat . J .  Agri c .  

Sci . ,  Camb . 93:: 5 3 1 -540 . 

G U I RG I S ,  R . A . ; AMI N ,  S . O . ; GANEM ,  Y . S . ; EL -SAY E D ,  N . A .  ( 1 981 a ) . 
Post-nata l  dev e l opment , d i mens i ons of the  sk i n  fol l i c l e  
popu l a t i on and b i rth coat fol l i cu l ar or i g i n  i n  B ark i and 3/8 
Mer i no l ambs . J .  A gri c .  Sci . ,  Camb . 96 : 3 1 3-320 . 

GU I RG I S ,  R . A . ; GHANEM,  Y . S . ; AMI N ,  S . O . ; EL -GANAI ENY , M . M .  ( 1 981 b ) . 
Sk i n  h i stol ogy and b i rthcoat f i bre-fol l i c l e  re l at i on s h i p s  i n  
Mer i no and 5/8 Mer i no l amb s .  J .  Agric .  sci . , Camb . 96 : 

1 5 1 - 1 58 .  

G U I RG I S ,  R . A . ; AF I F I , E . A . ; GALAL , E . S . E .  ( 1 982 ) . E s t i mates of  
genet i c  and phenotyp i c  p arameters of some we i ght and  f l eece 
t r a i ts i n  a coarse wool breed of sheep . J .  A gri c .  sci . ,  

Camb . 99 : 2 77 -285 . 



HEND ERSON , A . E .  ( 1 95 3 ) . F l eece deve l o pment and wool growth on t h e  
Romney l amb . J .  A gri c .  Sci . ,  camb . 43 : 1 2- 5 3 .  

133 

HOAR E , J . L .  ( 1 974 ) . The  b l eac h i ng of cross bred wool s :  observat i ons  
o n  the  re l at i onsh i p  between the  p r i ce and  co l o ur  of  some 
s coured New Ze a l and cross bred woo l s .  J .  Text . Inst . 65 : 

T402-408 . 

HOAR E , J . L . ; THOMPSON , B .  ( 1 974 ) . Refl ect ance me asurements of scoured 
wool . J .  Text . Inst . 65 : T281 -287 . 

HOCK I N G ,  R . R .  ( 1 976 ) . The anal ys i s  and se l ect i on of var i ab l es i n  
l i n ear regres s i on . Biometrics 3 2 :  1 -49 . 

HOLDAWAY , H . W .  ( 1 96 5 ) . A theoret i c al  mode l for pred i ct i ng the  
s trength of s i ng l es worsted yarn s .  J .  Text . Ins t .  56 : 

T 1 2 1 - 1 44 .  

HUNTE R ,  L .  ( 1 980 ) . Th e effect s of woo l f i bre propert i es on 
p roce ss i ng performance and yarn and fabr i c propert i e s .  
Proc . VI Intern . Wool Text . Res . Confer . 1 :  1 33- 1 93 .  

I NC E ,  J .  ( 1 9 76 ) . The  search i s  on for the i dea l  carpet wool . wool 

Record 1 3 0 :  75 . 

I NC E ,  J .  ( 1 978 ) . I WS research : The c haracter i s t i cs of  carpet woo l s 
i n  re l at i on to  process i ng and performance . I n  carpet wools 

- carpet manu facture . ( Ed . Story , L . F . ) WRONZ , 
C h r i stc hurch , New Ze a l and :  597 74 . 

I NCE , J .  ( 1 979 ) . C arpets - man ufact ure to ma i nten anc e ,  eng i n eer i ng 
o f  wool carpet yarns . Text . Inst . Ind . 1 7 :  2 3-28 . 

I NC E , J .  ; RYDER ,  M . L .  ( 1 984 ) . The ev a l u at i on of  carpets made from 
exper i menta l  wool s .  J .  Text . Inst . 75 : 47- 5 9 .  

JAKUBEC , V . ; L I NDOVSKY , R .  ( 1 968 ) . Her i t ab i l i ty o f  t h e  occu rrence of 
h a l o -ha i rs i n  l amb s i n  re l at i on to prod uc t i ve  c h arct ers i n  
adu l t  Mer i no s h ee p .  Anim . Breed . Abstr . 3 7 :  No .  3700 . 

JAME S ,  J . W .  ( 1 982 ) . Construct i on ,  uses  and prob l ems of mu l t i tr a i t  
s e l ect i on i nd i ces . Proc . II worl d  CongL Gen e t i cs appl i ed to 

L i vestock Producti on ,  Madri d 5 :  1 30- 1 39 .  

JOYCE , J . P .  ( 1 96 1 ) . The  cotted f l eece . Proc . of the R uakura 

Farmers ' Con f .  Week , H ami l t on , New Zea l and . 

LAPPAGE , J . ; B EDFOR D ,  J .  ( 1 983 ) . The WRONZ medu l l ameter . WRONZ 

Report No . 1 0 7 .  



1 34-

LARSEN ,  W .  ( 1 9 78 ) . Wool req u i rements  for woo l l en tufted carpet s . I n  
Carpet wool s - carpet manufact ure . ( Ed .  Story ,  L . F . ) 
WRONZ , C h r i stchurch , New Zeal and : 1 9-2 1 . 

LOCKART , L . W .  ( 1 954 ) . Samp l i ng of f l eeces for y i e l d ,  s t ap l e l e ngth  
and cr imps  per i nc h  meas urement . A ust . J .  A gri c .  Res . 5 :  

555-567 . 

LOCKART,  L . W .  ( 1 956 ) . B i rthcoat o f  l amb s and ad u l t  f i bre d i ame ter . 
Aust . J .  A gric .  Res . 7 :  1 52- 1 5 7 .  

McCUTCHEON , S . N .  ( 1 981 ) .  A study of some factors affecting the 

res i stance of newborn l ambs to cold-stress wi th particular 

reference to starvation and exposure mortal i ty . 
Ph . D .  Thes i s ,  Mas sey Un i vers i ty ,  New Zea l and . 

McMAHON , P . R .  ( 1 93 7 ) .  
woo l samp l e s .  

Methods  for the e s t i mat i on of medu l l at i on i n  
J .  Text . Inst . 28 : T349-360 . 

McPHERSON , A . W .  ( 1 982 ) .  An apprai sal of sel ect ion objecti ves and 

cri teria for New Zealand Romney sheep v1i th particu lar 
reference to wool trai ts . M. Agr i c .  Sc i .  Thes i s ,  Massey 
Un i vers i ty ,  New Zeal and . 

MERSEREAU , E . P . ; RAI NAR D ,  L . W .  ( 1 95 1 ) .  C a l o r  c h anges i n  woo l d ur i ng 
process i ng .  Text . Res . J .  2 1 :  239-24 7 .  

MORR I S ,  C . A . ; CLARKE , J . N . ; E L L I OTT , K . H .  ( 1 982 ) .  Obj ect i ves for 
sheep i mprov ement . I n  Breeding and Reproduct i on . ( Ed s .  
Wi ckh am ,  G . W . ; McDonaTd , M . F . ) N . Z . I n st i tute  of Agr i c .  
Sc i .  1 :  1 ��3- 1 6 7 .  

MULLAN E Y , P . D . ( 1 966 ) .  The re l a t i on of b i rthcoat and l amb surv i v a l . 
Aust . J .  exp . Agri c .  Anim . Husb . 6 :  84-87 . 

NANDU RKAR , U . ; LAPPAGE , J .  ( 1 97 7 ) .  E va l u at i on of some Drysda l e  
c arpet wool s :  effect of the f l eece type of the Romney ewe . 
WRONZ Commun i cati on No . 4 8 . 

NASH , C . E .  ( 1 964 ) .  The assessment of N-type f l eeces . I I .  The 
phys i c a l  p ropert i es and pract i c a l  tes t i ng of the f i n i s h ed 
carpets . J .  Text . Inst .  55 : T309-323 . 

NZSAP . ( 1 974 ) .  G u i de l i nes for woo l prod uct i on i n  New Ze a l a nd . N . z .  

Soc . Anim . Prod . ,  Occasional publ i ca t i on No . 3 .  

OBST , J . M . ; EVANS , J . V . ( 1 970 ) . Genotype-env i ronment i n teract i on s  i n  
l amb mort a l i ty wi th part i c u l ar reference  to b i rthcoat and 
h aemog l o b i n type . Proc . A ust . Soc . Anim . Prod . 8 :  

1 49- 1 53 .  

ON I ONS , W . J . ; OXTOBY ,  E ;  TOWNEND , P . P .  ( 1 96 7 ) . F actors affect i ng the  
th i ckness  and compress i b i l i ty of worsted -s p u n  yarns . J .  

Text . Ins t . 5 8 :  T293-3 1 5 .  



1 35 

ORWI N ,  D . F . G . ; WOODS , J . L . ; ELL I OTT , K . H .  ( 1 980 ) . Compos i t i on of the 
cortex of sound  and tender wool s .  Proc . VI Intern . Wool 

Text . Res . Conf . ,  Pretori a , II : 1 93- 206 . 

PLANOVSKY ,  L .  ( 1 960 ) . The rel at i on between kemp i n  the ta i l of l amb s 
and fi neness  and u n i formi ty of the woo l  of Mer i nos . Anim . 
Breed . Abstr . 28 : No .  1 381 . 

POHLE , E . M .  ( 1 942 ) . Re l at i on s h i p between wean l i ng and year l i ng 
f l eece characters i n  r ange shee p .  J .  Anim . sci . 1 :  

229-235 . 

POHLE , E . M . ; WOLF , H . W . ; TERR I L L ,  C . E .  ( 1 943 ) .  C l ean  woo l yi e l d 
var i at i on amon g  reg i on s  of Rambou i l l et f l eeces . J .  Anim . 
Sci . 2: 1 81 - 1 87 .  

PURSER , A . F . ; KARAM , H . A .  ( 1 96 7 ) .  Lamb surv i va l , growth and f l eece 
prod uct i on i n  rel at i on to b i rthcoat type among We l s h 
Mounta i n s heep . Anim . Prod . 9 :  75-85 . 

RAE , A . L .  ( 1 958 ) . Genet i c  var i at i on and covar i at i on i n  prod uct i ve 
characters of New Zea l and Romney Mars h sheep . N . z . J .  
A gri c .  Res . 1 :  1 04- 1 23 .  

RAE , A . L .  ( 1 982 ) .  Obj ect i ves i n  sheep breed i n g .  Ist World Congr . on 
Sheep and Beef Cat t l e  Breeding , 1 980 . Mas sey U n i vers i ty ,  
New Zeal and . 

RENDEL , J . M .  ( 1 954 ) .  I nher i tance of b i rthcoat i n  a f l ock  of i mproved 
We l s h Mount a i n shee p .  A ust . J .  A gri c .  Res . 5 :  297 -304 . 

ROBERTS , N . F .  ( 1 95 6 ) .  The rel at i on between the  softness of hand l e  of 
wool i n  the  greasy and scoured st ate s and i ts phys i c a l  
character i st i cs .  Text . Res . J .  26 : 687-697 . 

ROB ERTSON , A .  ( 1 95 9 ) .  Exper i mental  des i gn i n  the eva l u at i on of gen­
et i c  parameters . Biometrics 15 : 21 9-226 . 

ROSS , D . A .  ( 1 950 ) . Some aspects of medul l a t i on and benzol testing in 

N-t ype l ambs . M. Agr i c .  Sc i . Thes i s ,  Mas sey Agr i cu l tura l  
Co l l ege , U n i vers i ty of New Zea l and . 

ROSS , D . A .  ( 1 970 ) . The Drysda l e .  WRONZ Report No . 1 .  

ROSS , D . A .  ( 1 978a ) . I n  Carpet wools - carpet manufacture . ( Ed .  
Story , L . F . )--WRONZ ,  C hr i stchurc h ,  N ew Zeal and : 4 1 , 1 1 9 .  

ROSS , D . A .  ( 1 978b ) . Carpet wool s - carpet manufacture . Wool 4 :  

25-29 . 



ROSS , D . A . ( 1 982 ) .  Stap l e l ength , stap l e  strength , f i bre l ength and 
proces s i ng .  Wool 7 :  1 2- 1 5 .  

ROS S , D . A . ; SPEAKMAN , J . A . ( 1 95 7 ) . The g r av i metr i c  est i mat i on of  
medu l l a  i n  woo l . Text . Res . J .  2 7 :  345-35 1 . 

ROSS , D . A . ; BRATT , R . L . ; STORY , L . F . ( 1 960 ) .  The  effect of s t ap l e 
strength on  card i ng and comb i ng .  J .  Text . Inst .  5 7 :  T907 -
92 1 . 

ROS S , D . A . ; NAR S I AN ,  M . G . ; BRATT , R . L . ; NOONAN , K . K . ; L I L I CO ,  D .  
( 1 9 7 5 ) .  An ev a l u at i on of Drysda l e woo l  for u se  i n  c arpet 
manufact ure .  WRONZ Communi cation No . 3 2 . 

ROS S ,  D . A . ; W I CKHAM , G . A . ; ELL I OTT , K . H . ( 1 982 ) . Breed i ng obj ect i ves  
to  i mprov e wool  u s ed i n  carpets . Proc . Ist worl d  congr . on 

Sheep and Beef Cattle Breeding , 1 980 , Mas sey U n i vers i ty ,  New 
Zea l a nd . 

ROS S ,  J . M . ( 1 95 4 ) . Kemp in New Zeal and Romney N- type fleece . 

M .  Agr i c .  Sc i .  Thes i s ,  Massey Agr i c .  C o l l ege , Un i vers i ty of  
New Z ea l a nd .  

ROSS , J . M .  WR I GHT , G . M . ( 1 954 ) . Kemp s ucces s i on i n N-type shee p . 
Aust . J .  A gri c .  Res . 5 :  503- 5 1 0 .  

ROUGEOT , J .  ( 1 96 1 ) .  Comparat i ve i nf l uence  of a n n ua l  and h a l f-year l y  
per i od i c  v ar i at i ons  i n  day l i g ht l ength o n  the  fo l l i cu l ar 
cyc l e s of short kemp i n  the  f l eece of L i mous i n  ewes . 
R e l at i on wi th the reprod uct i ve cyc l e .  Anim . Breed . Abstr . 

3 7 :  No . 1 226 . 

ROUGEOT , J . ; ALLAI N ,  D . ; MART INET ,  L .  ( 1 984 ) .  Photoper i od i c  and 
hormo n a l  control of seasona l  coat cha nges  i n  mamma l s  wi th 
spec i a l  reference to sheep and mi nk . Acta zool . Fenni ca 7 7 7 :  

1 3- 1 8 .  

RUDAL L ,  K . M .  ( 1 955 ) .  
fol l i c l es .  

The s i ze and s h ape of the  pap i l l a  i n  wool 
Proc . Intern . Wool Text . Conf.  Aust . F :  F9-25 . 

RUDAL L , K . M . ; W I CKHAM , G . A .  ( 1 96 5 ) . Dev e l opme n t  of woo l  fo l l i c l es 
and f i bres on autop l ast i c  grafts of st ored foeta l  l amb sk i n .  
I n  Biology of the skin and hair growth . ( Eds . Lyn e ,  A . G . ; 
Short , B . F . ) Angu s  & Robertson , Sydney ,  Austra l i a :  75-88 .  

RYDER , M . L .  ( 1 96 9 ) . The deve l opment  and st ruc t u re of , and season a l  
c h ange i n ,  the coat  of some W i l t s h i re s heep . Anim . Prod . 

1 1 : 467-477 . 

R YDER , M . L .  ( 1 973 ) .  V ar i at i on i n  the  b i rthcoats of W i l t s h i re l amb s ,  
and i ts re l at i on to cast i ng of the  ad u l t  f l eece .  J .  A gri c .  

Sci . ,  Camb . 80 : 7 1 - 74 .  

R Y D E R ,  M . L .  ( 1 97 4 ) . The b i rthcoat of l amb s .  Anim . Breed . Res . Orgn . 

Report 1 9 74 :  33-3 9 .  



RYDER , M . L . ; STEPHE NSON , S . K .  { 1 968 ) . wool growth . Ac ademi c Pres s , 
Lond o n .  

SCH I NCKEL , P . G .  ( 1 95 1 ) .  B i rthcoats o f  Austra l i an Mer i no l amb s .  
Nat ure 168 : 698.  

SCH I NCKEL , P . G .  ( 1 95 5 ) .  
Mer i no s heep . 

I nheri tance of b i rthcoats i n  a stra i n of  
Aust . J .  Agric . Res . 6 :  595-607 . 

SCH I NCKEL , P . G .  ( 1 958 ) . The re l at i onsh i p  of l amb b i rthcoat to  ad u l t  
f l eece struct ure i n  a stra i n  o f  Mer i no sheep .  Aust . J .  

A gri c .  Res . 9 :  567-578 .  

1 31 

SEARLE , S . R .  ( 1 970 ) .  Linear Models . John  W i l ey and Son s ,  I nc . , N ew 
York , Lond o n ,  Sydn ey , Toronto . 532 pp .  

SEM�1ENS , T . D .  ( 1 97 1 ) .  B i rth coats i n  l amb s .  Tasmanian J .  A gri c .  42 : 

2 5 3 - 2 58 .  

SCHOTT , R . G . ; POHL E ,  E . M . ; SPENCER , D . A . ; BR I ER ,  G . W .  { 1 942 ) .  Woo l 
y i e l d s i n  the  smal l s i de - s amp l e  as re l ated to i nd i v i du a l  
who l e-f l eece y i e l d s i n  four breed- groups o f  sheep . J .  Anim . 

Sci . 1 :  1 37 - 1 44 . 

SHAH , S . M . A . ; WH I TELE Y ,  K . J .  ( 1 97 1 ) .  I .  The i nf l uence of f i bre 
c h aracter i st i c s on the t act i l e  appra i s a l  of l oose wool . J .  

Text . Inst . 62 : 36 1 -3 7 4 .  

S I DE ,  H .  J .  A .  ( 1 964 ) .  Fibre growth rate changes in foetus , lamb and 

S I DE ,  

ewe . P h .  D .  Thes i s ,  L eed s U n i vers i ty ,  U . K .  

H . J . A . ; RUDAL L , K . M . ( 1 964 ) . Rates  of  h a i r  growth . I n  
Progress in the biologi cal sci ences in relation to 
derma tology . { Ed s .  Rook , A . ; C hamp i o n ,  R . H . ) C amb r i dge 
Un i vers i ty Pres s ;  337-354 . 

SKARMAN , S . ; NOMMERA , E .  ( 1 955 ) .  Ta i l of  l amb - f l eece of ad u l t :  A 
s t udy  of the  corre l at i on between t he  amount of coarse and 
med u l l ated h a i rs on the t a i l of  C hev i ot l amb s and the woo l 
q u a l i ty of s h eep when grown up . Kungl . Landbrukshogskolans 

Annaler 22 : 2 43 .  

SLE E ,  J .  ( 1 9 59 ) . F l eece shedd i ng ,  s t ap l e  l ength and f l eece we i ght i n  
exper imenta l  W i l t s h i re Horn X Scott i s h B l ackface s heep 
crosse s .  J .  A gric . Sci . ,  camb . 53 : 209-223 . 

SLE E ,  J .  ( 1 96 5 ) .  The genet i cs of h a i r  growth . I n  compara t i ve 

physiology and pa thology of the skin . (Eds .  Rook , A . J . ; 
Wa l t on , G . S . ) B l ackwe l l S c i e n t i f i c P ub l i cat i o n s ,  Oxford , 
U . K .  : 1 03- 1 1 8 . 



1 3  8 

SNEDECOR , G . W . ; COCHRAN , W . G . ( 1 980 ) .  statisti ca l  Methods . 7 t h  ed . 
I owa S t ate U n i vers i ty Pres s ,  Ame s , I owa , U . S . A .  

SR I VASTAVA,  T . V . K . ; ON I ONS , W . J . ; TOWNEND , P . P .  ( 1 97 6 ) . Some factors 
affect i ng th e h a i r i ness of  worsted-spun  yarns . J.  Text . 

Inst . 6 7 :  T447 -455 . 

STE PHENSON , S . K .  ( 1 952 ) .  Some aspects of gene dosage effect s  in N­
t ype sheep . M .  Agr i c .  Sc i .  Thes i s ,  Massey Agr i c .  Co l l eg e , 
U n i vers i ty of New Zeal and . 

STEPHENSON , S . K .  ( 1 956 ) .  Some aspects of gene dosage  i n N-type s heep .  
A u s t . J .  Agri c .  Res . 7 :  447 -468 . 

STEPHENSON , S . K .  ( 1 958 ) .  Woo l fol l i c l e  dev e l o pment  i n  the  New Zea l a nd 
Romney and N -type s heep . I I .  Fo l l i c l e  popu l a t i o n  den s i ty 
d u r i ng foet a l  dev e l opment . Aust . J .  Agric .  Res . 9 :  1 38-
1 60 .  

STEPHENSON , S . K . ( 1 959 ) .  Wool fol l i c l e  dev e l opment i n  New Zea l and 
R omney and N -type sheep . I I I . The d i ameters of fo l l i c l es 
a nd f i bres . Aust . J .  A gri c .  Res . 7 0 :  1 08- 1 20 .  

SUGA I , K . ; YUHARA,  M .  ( 1 954 ) .  T h e  l amb ' s  t a i l wool i n  re l at i on t o  
wool type i n  the  Corr i eda l e  s heep . I I I .  The wool l ength o f  
t h e  l amb ' s  t a i l i n  re l at i on t o  the  wool l ength o f  the  oth er 
b ody reg i on s .  Sci . Report . Facul t y  of Agric . ,  Okayama 

Uni v . , Japan No . 5 :  3 3- 3 9 .  

SUMNER , R . M . W .  ( 1 96 9 ) .  A compara t i ve study o f  the effects o f  t wo 

stocking levels on wool fol l i cl e  development and wool 

production of the New Zealand Romne y  sheep . M .  Agr i c .  Sc i .  
The s i s ,  Mas sey U n i vers i ty ,  New Ze a l a nd . 

SUMNER ,  R . M . W . ; R E VF E I M ,  K . J . A .  ( 1 973 ) .  Sources of var i at i on and 
des i gn c r i teri a for wool f i bre d i ameter measurements  for New 
Zea l and R omney sheep . N . Z .  J.  A gri c .  Res . 7 6 :  1 69 - 1 7 6 .  

SUTHERLAND , J . A .  ( 1 939 ) .  A study of the plateau arra y .  M .  Agr i c .  
Sc i .  Th e s i s ,  Massey Agr i c .  Col l ege , U n i vers i ty of New 
Zeal and . 

TEASDALE , D . C .  ( 1 984 ) .  Standards for measurement of woo l  co l o u r .  
Wool Technol . Sheep Breed . 32 : 1 7 1 .  

THORN BE RRY , K . J . ; ATK I NS , K . D .  ( 1 984 ) .  Var i at i on i n  non -wool  
components  of greasy f l eece over the  body of Mer i no  s heep . 
Aust . J .  Exp . Agri c .  Anim . Husb . 24 : 72- 7 6 .  

TOLDT , K .  ( 1 91 0 ) . Uber e i ne beachten swerte Haarsorte u nd u ber das  
Haarformensystem der S auget i ere . Ann . Naturch . Hofmus 

( Wien ) , 79 7 0 : 2 4-2 65 . 



OLDT , K .  ( 1 9 1 2 ) . B e i t r age zur kenntn i s  dere Behaar ung der 
Sauget i ere . zool . Jb . Syst . 33 : 9-50 . 

1 39 

·oLDT, K .  ( 1 93 5 )  Aufb a n  und naturl i che Farbung des Haark l e i de s  der 
W i l ds auget i er e . Deutsche Gesse l l schaft fur Klei n t i er und 
Pel z t i erzuch t , G . m . b . H .  and Co . , L e i pz i g ,  2 1 9  p p .  

R I  PATHY ,  L .  P .  ( 1 966 ) .  Estimation of important genetic and 

phenot ypi c parameters of some producti ve tra i ts i n  the New 
Zealand Romne y  Marsh sheep . M .  Agr i c .  Sc i . ,  Thes i s ,  Massey 
Un i vers i ty ,  New Zea l and .  

URNER , H . N .  ( 1 956 ) Measurement as an  a i d  to s e l ect i on i n  breed i ng 
s heep for woo l product i on .  Anim . Breed . A bstr . 24 : 8 7 - 1 1 8 .  

URNER , H . N .  ( 1 97 6 ) . Methods of i mpro v i ng prod uct i on i n  c h ar ac ter s 
o f  i mport a nc e .  Proc . Intern . Sheep Breeding Congr . ,  Muresk , 
A us tra l i a . ( Eds . Tomes , G . J . ; Robertson , D . E . ; L i ght foot , 
R .  J . ) . 

URNER , H . N . ; YOUNG , S . S . Y . ( 1 969 ) .  Quan t i ta t i ve Gene t i cs .  

Macmi l l a n  o f  Au stra l i a , 332 p p .  

URN ER , H . N . ; DUNL OP , A . A .  ( 1 9 7 4 ) . Se l ec t i on f o r  woo l prod uct i on .  
Proc . Is t World Congr . on Geneti cs appl i ed to Livestock 
Producti on ,  Madrid 1 :  739- 7 5 6 .  

AN WYK E ,  C . M .  ( 1 946 ) .  A study of the  compres s i b i l i ty of woo l , wi th  
s pec i a l reference to  South Afri c an  Mer i no woo l . 
Onderstepoort J .  Vet . Sci . Anim . Indust . 2 1 :  99-226 .  

ON BERGE N ,  W .  ( 1 96 3 ) .  What the manu facturer  req u i res  i n  r aw woo l . 
Wool Technol . Sheep Breeding 1 0 :  43-49 . 

HEELER , J . L . ; HEDGE S ,  D . A . ; MULCAHY , C .  ( 1 9 7 7 ) . The  u se  of 
dyeband i ng for mea s u r i ng woo l  product i on and  f l eece 
i n  rugged and unrugged shee p .  A us t . J .  A gri c .  Res . 
7 2 1 - 735 . 

t i p  wear 
28 : 

- H TE L EY , K . J . ; WATSON , N . R . ; W I LK I N S ,  0 . 0 .  ( 1 9 78 ) . The re l at i on s h i p  
between t h e  res i stance to compre s s i on of woo l  bu l k s and 
fo l l i c l e  curva ture . J. Text . Inst . 69: 4 1 -48 .  

-J I TEL E Y , K . J . ; CLARK , M . cl . ; WEL SMAN , S . J . ; STANTON , J . H . ( 1 980 ) .  
Observ a t i ons  on the character i s t i c s of Au s t r a l i an gre asy 
woo l . I I . Co l o ur  i n  Mer i no f l eece woo l s .  J .  Text . Inst . 

7 1 :  1 7 7 - 1 88 .  

� I TEL E Y ,  K . J . ; JACKSON , N .  ( 1 982 ) . B reed i ng for appare l  woo l . Proc . 

Ist Worl d  Congr . on Sheep and Beef Ca t t l e  Breed i n g ,  1 980 , 

Mas sey U n i vers i ty ,  New Zea l a nd . 

: CKHAM , G . A . ( 1 95 8 ) . A st udy of the fol l i cu l ar or� g�n of the fibre 
t ypes of N-grade Romney l ambs . M .  Agr i c .  Sc i . ,  Thes i s ,  
Mas s ey Agr i cu l t u r a l  Co l l ege , U n i vers i ty of New Zea l and . 



W I CKHAM , G . A .  ( 1 963 ) .  Factors determining the structure of the 

fleece of sheep with special reference to pre-natal effects . 
P h . D . Thes i s ,  Leeds U n i vers i ty ,  U . K .  

W I CK HAM , G . A .  ( 1 966 ) .  What emphas i s  shou l d b e  p l aced o n  wool 
c h aracters when  s e l ect i ng for sheep? Sheepfarming Annual 

1 966 : 95- 1 03 . 

W I CKHAM ,  G . A .  ( 1 97 3 ) .  Se l ect i on c r i ter i a  for wool i mprovement by 
s heep b reed i ng .  Di scussion paper for N . Z .  Soc . Anim . Prod . 

Wool Study Group . 3 2  pp.  

W ICK HAM,  G . A .  ( 1 97 7  - unpub l i shed ) . Prob l ems o f  defi n i ng Drysda l e  
wool q u a l i ty .  Paper presented to Min istry of Agric .  Fish . 

Sheep and Beef Officers Annual Conference , We l l i ngton , New 
Zeal and . 

W I CK HAM , G . A .  ( 1 978 ) .  Deve l opment  o f  breed s for c arpet wool 
product i on i n  New Zea l  and . World Revi ew Anim . Prod . 14 : 

33-40 . 

W I CK HAM , G . A .  ( 1 982 ) .  Se l ect i on c r i ter i a  for young  an i ma 1 s b e i ng  
mated ear l y  i n  l i fe and genet i c  i mp l i cat i ons  of e ar l y  
breed i ng .  New Zealand A gric . Sci . 1 6 : 1 1 0- 1 1 2 . 

W I CK HAM , G . A . ; B I GHAM , M . L .  ( 1 976 ) .  Growi ng more and better woo l . 
Proc . Ruakura Farmer s ;  Conference , H ami l ton , New Zea l and . 

W I CKHAM , G . A . ; RAE , A . L .  ( 1 97 7 ) .  I nves t i gat i ons  o f  carpet wool genes  
i n  s heep . Proc . N . Z .  Soc . Anim . Prod . 3 7: 2 1 3-2 1 7 .  

W I CK HAM , G . A . ; McP HERSON , A . W .  ( 1 985 ) .  A rev i ew o f  the i mportance of  
woo l t r a i ts as genet i c  i mprovement o bj ect i ves and se l ect i on 
cr i ter i a for New Ze a l and Romney shee p .  Proc . N . Z .  Soc . 

Anim . Prod . 45: 2 03-208.  

W I GG I N S ,  L . K . ( 1 97 6 ) . New cr i ter i a for woo l  se l ect i on .  Wool Record 

729: 81 - 83 .  

W I LCOX , J . C .  ( 1 968 ) .  Re l at i onsh i p  between b i rthcoat and var i ous  
ch aracter i st i cs i n  the  Wel s h  Mount a i n s heep . Expl . Husb . 

7 7! 59-69 .  

YOUNG , S . S . Y . ; CHAPMAN , R . E .  ( 1 958 ) . F l eece ch aracter i s t i cs and  th e i r  
i nf l u ence  o n  wool prod uct i on per un i t  area of s k i n  i n  Mer i no 
shee p .  Aust . J .  A gri c .  Res . 9: 3 63-3 72 . 


	20001
	20002
	20003
	20004
	20005
	20006
	20007
	20008
	20009
	20010
	20011
	20012
	20013
	20014
	20015
	20016
	20017
	20018
	20019
	20020
	20021
	20022
	20023
	20024
	20025
	20026
	20027
	20028
	20029
	20030
	20031
	20032
	20033
	20034
	20035
	20036
	20037
	20038
	20039
	20040
	20041
	20042
	20043
	20044
	20045
	20046
	20047
	20048
	20049
	20050
	20051
	20052
	20053
	20054
	20055
	20056
	20057
	20058
	20059
	20060
	20061
	20062
	20063
	20064
	20065
	20066
	20067
	20068
	20069
	20070
	20071
	20072
	20073
	20074
	20075
	20076
	20077
	20078
	20079
	20080
	20081
	20082
	20083
	20084
	20085
	20086
	20087
	20088
	20089
	20090
	20091
	20092
	20093
	20094
	20095
	20096
	20097
	20098
	20099
	20100
	20101
	20102
	20103
	20104
	20105
	20106
	20107
	20108
	20109
	20110
	20111
	20112
	20113
	20114
	20115
	20116
	20117
	20118
	20119
	20120
	20121
	20122
	20123
	20124
	20125
	20126
	20127
	20128
	20129
	20130
	20131
	20132
	20133
	20134
	20135
	20136
	20137
	20138
	20139
	20140
	20141
	20142
	20143
	20144
	20145
	20146
	20147
	20148
	20149
	20150
	20151
	20152
	20153
	20154
	20155
	20156
	20157
	20158
	20159

